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Four years I had the honor of 
addressing my fellow Yale men on the 


Higher Learning in America. Since the 


ago 


lectures had of course a very narrow sale, 
the effect they would otherwise have pro- 
duced did not Instead, all the 
movements they were designed to arrest, 
all the attitudes they were calculated to 
change, went rushing onward, in the case 
of the movements, or became more firmly 
entrenched, in the case of the attitudes. 

I attacked triviality, and forty-two 
students enrolled in the Oklahoma Uni- 
versity short 


follow. 


course for drum majors. 

I attacked vocationalism, and the Uni- 
versity of California announced a course 
in cosmetology, saying, “The profession 
of beautician is the fastest growing in this 
state.”’ 

I deplored a curriculum of obsolescent 
information, and my colleague Professor 
Ogburn concluded that our information 
was increasing so rapidly that in order to 
get time to pour it all into our students we 
should have to prolong adolescence at 
least until age forty-five. 

I asserted that higher education was 
primarily intellectual, and the President 
of the New York State College for 
Teachers said, not in reply, for he had of 
‘ourse never read my book, ‘Education 


; 5 An address delivered before the faculty 
University on April 25, 1940. 


24 


and 
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is not even primarily intellectual, cer- 
tainly not chiefly intellectual. It is the 
process by which the emotions are social- 
ized.”’ 

I lamented the confusion that besets 
American education and the President of 
a college not a hundred miles from here, 
announced that chaos was a good thing. 
Though I should prefer chaos to an order 
imposed by force, I had never supposed 
that chaos was an ideal toward which all 
right-thinking men should strive. Chaos 
had always seemed to me something you 
tried to get out of. I had always thought 
that what we wanted, both in politics and 
education, was a rational order rationally 
arrived at. 

One professor who had never read my 
book accidentally agreed with me. He 
made the following outrageous remarks in 
a book of his own: “There will always re- 
main,” he said, “‘certain permanent values 
which education must cultivate, such as 
intellectual honesty, love of truth, ability 
to think clearly, moral qualities.’”? The 
fact that he was on this faculty and could 
be assumed to be only teasing, did not 
save him. He was sharply rebuked by a 
professor from Ohio State University who 
said that here he must “‘part company 
with the author of this indisputably 


students of Teachers College, Columbia 
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significant volume, for the suspicion grows 
that the author is still something of an 
absolutist.”” The author actually wanted 
education to cultivate intellectual honesty, 
the love of truth, the ability to think 
clearly, and moral qualities. How sub- 
versive. 

Now I will not conceal from you that 
one or two people did read my book. They 
had to. And they got it free in the course 
of their trade as book reviewers. One of 
these, who in his spare time is a professor, 
summed the whole thing up by saying that 
the trouble with me was my intense moral 
idealism. Such a quality would naturally 
distort anybody’s view of education. A 
university president guilty of moral ideal- 
ism? What is the world coming to? By 
some process of association of ideas I am 
reminded of the remarks of one of our 
alumni who in a recent discussion at the 
University of Chicago said that every- 
thing I had said about football was logical, 
perfectly logical, very logical indeed. 
“But,” he said, “if the University abol- 
ishes football, my son, now fifteen years 
old, will not want to go there.”’ In other 
words, “logical” is a term of reproach, 
and the University of Chicago should be 
illogical because one of its alumni has an 
illogical child. I have even heard the word 
“educational” in the same slurring conno- 
tation, as when a Princeton graduate 
wrote to Woodrow Wilson saying, “‘I will 
have nothing more to do with Princeton. 
You are turning my dear old college into 
an educational institution.” A university 
president who is suspected of an interest 
in morals, in intellect, or even in education 
must expect the severest condemnation 
from those who have the true interests of 
our country at heart. 

But all these things are as nothing com- 
pared with the menace of metaphysics. I 
had mildly suggested that metaphysics 
might unify the modern university. I 
knew it was a long word, but I thought 
that my audience of learned book review- 
ers would know what it meant. I was 
somewhat surprised to find that to them 
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metaphysics was a series of balloons, float- 
ing far above the surface of the earth, 
which could be pulled down by vicious or 
weak-minded people when they wanted to 
win an argument. The explosion of one of 
these balloons or the release of the gases 
it contained might silence, but never con- 
vince a wise man. The wise man would go 
away muttering, “‘Words, words, words,” 
or ‘‘Anti-scientific,” ‘Reactionary,’ or 
Knowing that there is 
nothing true unless experimental science 


even “Fascist.” 
makes it so, the wise man knows that 
metaphysics is simply a technical name 
for superstition. 

Now I might as well make a clean breast 
of it all. I am interested in education, in 
morals, in intellect, and in metaphysics. | 
even go so far as to hold that there is a 
necessary relation among all these things. 
I am willing to assert that without one we 
cannot have the others and that without 
the others we cannot have the one with 
which all of us here are primarily con- 
cerned, namely, education. 

I insist, moreover, that everything that 
is happening in the world today confirms 
the immediate and pressing necessity of 
pulling ourselves together and getting our- 
selves straight on The 
world is probably closer to disintegration 
now than at any time since the fall of the 
Roman Empire. If there are any forces of 
clarification and unification left, however 
slight and ineffectual they may appear, 
they had better be mobilized instantly, or 
all that we have known as Western Civili- 
zation may vanish. 

Or if we assume that the United States 
‘an stand alone while the world goes to 
pieces, we must grant that our country is 
afflicted with problems which, though ap- 
parently insoluble, must be solved if this 
nation is to be preserved or to be worth 
preserving. These problems are not mate- 
rial problems. We may have faith that the 
vast resources of our land and the teclino- 
logical genius of our people will produce 4 
supply of material goods adequate for the 
maintenance of that interesting fiction, 


these matters. 
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the American Standard of Living. No, our 
intellectual, and 
spiritual. The paradox of starvation in the 
midst of plenty illustrates the nature of 
our difficulties. This paradox will not be 
resolved by technical skillorscientific data. 
It will be resolved, if it is resolved at all, 
hy wisdom and goodness. 


wroblems are moral, 
| 


Now wisdom and goodness are the aim 
of higher education. How can it be other- 
wise? Wisdom and goodness are the end of 
human life. If you dispute this, you are at 
once entering upon a metaphysical con- 
troversy; for you are disputing about the 
nature of being and the nature of man. 
This is as it should be. How can we con- 
sider man’s destiny unless we ask what he 
is? How can we talk about preparing men 
for life unless we ask what the end of life 
may be? At the base of education, as at 
the base of every human activity, lies 
metaphysics. 

So it is with science. As Dr. H. 8. Burr 
of the Yale Medical School has put it, and 
no one has put it better: “One of the prim- 
itive assumptions of science is that we 
live in a universe of order; order deter- 
mined by, and controlled through, the 
operation of fundamental principles ca- 
pable of elucidation and reasonably exact 
definition. This assumption states that 
there is a metaphysics, a body of universal 
laws which can be grasped by the human 
intellect and utilized effectively in the 
solution of human problems.” 

So it is with ethics and politics. We 
want to lead the good life. We want the 
good state as a means to that life. Once 
more, to find the good life and the good 
state, we must inquire into the nature of 
man and the ends of life. The minute we 
do that we are metaphysicians in spite of 
ourselves. Moreover, if ethics is the 
science of human freedom, we must know 
at the beginning whether and in what 
sense man is free. Here we are metaphy- 
Sicians once again. And the soundness of 
our moral conclusions depends on whether 
We are good metaphysicians or bad ones. 
So the more preposterous positions of 
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Mill’s Essay on Liberty originate in his 
mistaken or inadequate analysis of the 
doctrine of free will; and Aristotle’s de- 
fense of natural slavery results from his 
failure to remember that 
Aristotelian metaphysics there can be no 
such thing as a natural slave. 

So it is with education. Here the great 
criminal was Mr. Eliot, who applied his 
genius, skill, and longevity to the task of 
robbing American youth of their cultural 
heritage. Since he held that there were no 


according to 


such things as good or bad subjects of 
study, his laudable effort to open the 
curriculum to good ones naturally led him 
to open it to bad ones and finally to de- 
stroy it altogether. So today, though it is 
possible to get an education in an Ameri- 
can university, a man would have to be so 
bright and know so much to get it that he 
wouldn’t really need it. So today the 
young American learns to read and write 
only if he goes to law school, where the 
principal, if not the sole merit of the case 
method is that it compels the develop- 
ment of powers that should have been 
perfected long before. Today the young 
American comprehends the intellectual 
tradition of which he is a part and in 
which he must live only by accident: for 
its scattered and disjointed fragments are 
strewn from one end of the campus to the 
other. Our university graduates have far 
information and far under- 
standing than in the colonial period. And 
our universities present themselves to our 
people in this crisis either as rather in- 
effectual trade schools or as places where 
under the 
supervision of nice men in a nice environ- 


less 


more 


nice boys have a nice time 
ment. 

All this is the result of bad metaphysics 
or of no metaphysics other than that of an 
instinctive variety. The crucial error is 
that of holding that nothing is any more 
important than anything else, that there 
can be no order of goods and no order in 
the intellectual realm. There is nothing 
central and nothing peripheral, nothing 
primary and nothing secondary, nothing 
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basie and nothing superficial. The course 
of study goes to pieces because there is 
nothing to hold it together. Triviality, 
mediocrity, and vocationalism take it 
over because we have no standard by 
which to judge them. We have nothing to 
offer as a substitute for a sound curric- 
ulum except talk of personality, ‘“charac- 
ter,” and great teachers, the slogans of 
educational futilitarianism. 

We see, then, that metaphysics plays a 
double part in higher education. By way 
of their metaphysics educators determine 
what education they shall offer. By way of 
metaphysics their students must lay the 
foundations of their moral, intellectual, 
and spiritual life. By way of metaphysics 
I arrive at the conclusion that the aim of 
education is wisdom and goodness and 
that studies which do not bring us closer 
to this goal have no place in a university. 
If you would take a different view, you 
must show that you have a better meta- 
physics. By way of metaphysics students, 
on their part, may recover a rational view 
of the universe and of their réle in it. If 
you deny this proposition you take the 
responsibility of asserting that a rational 
view of the universe and one’s rdle in it is 
no better than an irrational one or none at 
all. 

Since I take it that nobody here will 
take this responsibility, let us attempt to 
apply these notions to a dark and dubious 
field of education. Let us see how a pro- 
gram in general education of this variety 
should be organized, and let us see what 
its subject matter might be. 

I believe that general education should 
be given as soon as possible, that is, as 
soon as the student has the tools and the 
maturity it requires. I think that the pro- 
gram I favor can be experienced with 
profit by juniors in high school. I therefore 
propose beginning general education at 
about the beginning of the junior year in 
high school. Since I abhor the credit sys- 
tem and wish to mark intellectual progress 
by examinations taken when the student 
is ready to take them, I shall have no 


difficulty in admitting younger students 
to the program if they are ready for it and 
excluding juniors if they are not. 

The course of study that I shall propose 
is rigorous and prolonged. I think, how- 
ever, that the ordinary student can com- 
plete it in four years. By the ingenious 
device I have already suggested I shall be 
able to graduate some students earlier and 
some later, depending on the ability and 
industry that they display. 

General education should, then, absorb 
the attention of students between the ages 
of fifteen or sixteen and nineteen or 
twenty. This is the case in every country 
of the world but ours. It is the case in 
some eight or nine places in the United 
States. Where the high school and the 
junior college are part of a large city 
school system, the organization has been 
successful. Where, as at the University of 
Chicago and Stephens College, the in- 
stitution has either a small high school or 
none at all, the insignificant size of the 
first two years of the program and the 
large size of the last two create great 
difficulties. If you have seventy students 
entering the four year unit at the junior 
year in high school and 700 entering at the 
freshman year in college, it is absurd to 
talk about a coherent four-year program. 
You must have a curriculum that the 700 
canenter inthe middle without being hand- 
icapped because they did not enter at the 
beginning. 

If in such institutions as my own the 
scheme I advocate is to succeed, we shall 
have to convince local parents, at least, 
that it is wise for them to send their chil- 
dren to us two years earlier than they have 
been accustomed to sending them. I think 
that if parents cannot be persuaded to do 
this the University of Chicago should 
abandon collegiate work altogether and 
give up its freshman and sophomore years. 
Those years at present are a foreign body 
in the otherwise admirable constitution of 
the university. The students in them have 
different ambitions from those in the 
divisions above; the teachers have differ- 








ts 
id 


se 


V- 


us 
be 
nd 
nd 


rb 
SCS 
or 
ry 
in 
ed 
he 
ity 
en 
of 
in- 
or 
the 
the 
eat 
nts 
or 
the 
to 
um. 
700 
nd- 
the 


the 
hall 
ast, 
hil- 
ave 
ink 
» do 
yuld 
and 
ars. 
ody 
at of 
lave 
the 


ffer- 





REMINISCENCES 247 


ent ambitions, too. But if ties cannot be 
found for these two years above they must 
be found below; for I do not believe that 
two years at any level is long enough to 
provide an adequate education. It is 
suggestive that two year units do not exist 
anywhere else in the world; they are 
known only in the United States. 

I may mention at this point one aspect 
of the organization of general education 
which ought to be trivial but in this coun- 
try is most important. I favor awarding 
the bachelor’s degree in recognition of 
general education; I favor awarding it at 
about the end of the sophomore year. 
This suggestion is not so startling as many 
people seem to think. President Butler of 
Columbia advocated it in his annual re- 
port for the year 1901-1902. In France 
the baccalaureat is used to indicate the 
satisfactory completion of general educa- 
tion. The reasons for giving it the same 
significance here are first that it now has 
no significance at all. The bachelor’s de- 
gree means four years in college. As the 
president of Hiram has lately said, “To 
most college ‘students’ who sit long 
enough and patiently enough and docilely 
give back a modicum of the wisdom that 
has flowed past their ears, there will come 
in time the reward of their long-sitting, 
sheepskins to cover their intellectual 
nakedness. ... The usual requirements 
for graduation, ‘a minimum of 120 hours 
with additional credit for physical educa- 
tion,’ may represenf little more than hours 
of painful but patient sitting. Their blood 
relationship to achievement is so far re- 
moved as to make the claimed relation- 
ship laughable.” 

But it is not only the credit system and 
and the examination-by-the-teacher-who 
taught-the-course system that make the 
B. A. certify merely to four yearsof sitting. 
It is also and I think principally the fact 
that the standard four-year college of 
liberal arts is and must be concerned with 
both general and specialized education. 
Even in some of the oldest and most con- 
servative of these colleges you will find 


that the student may indulge in extreme 
specialization at an early stage. Yet the 
preparation with which students enter 
these colleges is such that the colleges 
must also give them a general education. 
These two aims can only confuse the col- 
leges and hence confuse the significance of 
the degree that they offer. 

Columbia, Johns Hopkins, Chicago and 
several other places have attempted to 
meet this situation by dividing the first 
two years from the last two. Some in- 
stitutions have even given them different 
staffs and administrations. Here we face 
again the problems raised by two year 
units. The first two years is not long 
enough for general education; the last two 
is not long enough for advanced study. 
The remedy would seem to be a four-year 
unit beginning with the junior year in 
high school and leading to the bachelor’s 
degree, and after that a three-year unit 
beginning with the junior year in college 
and leading to the master’s degree. The 
bachelor’s degree would then indicate an 
adequate general education and the mas- 
ter’s an adequate experience in advanced 
study. This master’s degree should also 
indicate that the holder is qualified for a 
teaching position in which research is not 
expected or required. 

The last two years of the present college 
of liberal arts is left stranded when the 
college is divided into upper and lower 
divisions. We have found at Chicago that 
one of our more difficult problems is how 
to provide any intelligible plan of ad- 
vanced study in the junior and senior 
year. Some of our departments have 
succeeded in persuading students to plan 
their courses beginning with the junior 
year for three years to the master’s degree. 
These departments have been able to 
effect notable improvements in both the 
general cultivation and the specific train- 
ing of their graduates. I recommend the 
award of the bachelor’s degree at the end 
of the period of general education, that is 
at about the end of the sophomore year, 
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for the sake of advanced study as much as 
for the sake of general education. 

It may be objected that many students 
will not want to add a year to their pro- 
gram of advanced study. This in my view 
is an argument for the plan. The educa- 
tional system will be compelled to accom- 
modate the youth of the nation up to the 
end of the junior college, that is, to about 
nineteen or twenty. There is no reason 
why it should accommodate them after 
that. Beginning with the junior year, 
education should be limited to those who 
are able and willing to profit by it. We 
should rigorously select our students at 
the university level, by which I mean the 
beginning of the junior year. Since, there- 
fore, many students should terminate 
their education at the end of the sopho- 
more year, one problem is how to induce 
them to do so. I think they will stay on 
and, through sheer importunity, get them- 
selves a degree unless they can receive 
some recognizable and popular insignia at 
the end of the sophomore year. The 
bachelor’s degree is recognizable and 
popular. Since it serves no useful purpose 
at present, I believe it should be made to 
serve the very useful one of persuading 
students to get out of education who 
should not be permitted to remain in it. 

If general education is to be given be- 
tween the beginning of the junior year in 
high school and the end of the sophomore 
year in college and if the bachelor’s degree 
is to signify the completion of it, the next 
question is what is the subject matter 
that we should expect the student to 
master in this period to qualify for this 
degree? 

Now I do not hold that general educa- 
tion should be limited to the classics of 
Greece and Rome. I do not believe that it 
is possible or desirable to insist that all 
students who should have a general educa- 
tion must study Greek and Latin. I do 
hold that tradition is important in educa- 
tion; that the primary purpose of edu- 
cation, indeed, is to help the student 
understand the intellectual tradition in 
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which he lives. I do not see how he can 
reach this understanding unless he under- 
stands the great books of the western 
world, beginning with Homer and coming 
down to our own day. If anybody can 
suggest a better method of accomplishing 
the purpose, I shall gladly embrace him 
and it. 

Nor do [hold that the spirit, the philos- 
ophy, the technology, or the theology of 
the Middle Ages is important in general] 
education. I have no desire to return to 
this period any more than I wish to revert 
to antiquity. Some books written in the 
Middle Ages seem to me of some con- 
sequence to mankind. Most Ph. D.’s have 
never heard of them. I should like to have 
all students read some of them. Moreover, 
medieval scholars did have one insight; 
they saw that in order to read books you 
had to know how to do it. They developed 
the technics of grammar, rhetoric, and 
logic as methods of reading, understand- 
ing, and talking about things intelligently 
and intelligibly. I think it 
denied that our students in the highest 
reaches of the university are woefully de- 
ficient in all these abilities today. They 
cannot read, write, speak, or think. I do 
not suggest that we should attempt to 
introduce the trivium and quadrivium in- 
to the American college. I do say that we 
must try to do for our own students what 
the seven liberal arts did for the medieval 
youth. If the Middle Ages have 
suggestions to make*on this point, we 
We need all the 


cannot by 


any 


should welcome them. 
help we can get. 

I should like to remark in passing that 
in the Middle Ages people went to uni- 
versities at thirteen or fourteen. They read 
books and experienced disciplines that are 
regarded as far too difficult for university 
professors today. Most of the great books 
of the western world were written for lay- 
men. Many of them were written for very 
young laymen. Nothing reveals so clearly 
the indolence and inertia into which we 
have fallen as the steady decline in the 
number of these books read in our schoo!s 
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and colleges and the steady elimination of 
instruction in the disciplines through 
which they may be understood. And all 
this has gone on in the sacred name of 
liberalizing the curriculum. 

The curriculum I favor is not too diffi- 
cult even for very ordinary American 
students. It is difficult for the professors 
but not for the students. And the younger 
the students are the better they like the 
books, because they are not old enough to 
know that the books are too hard for them 
to read. Something like the course of 
study I should favor is now in force at St. 
John’s College, Maryland. There an un- 
selected group of indifferently prepared 
students are studying these books with 
tremendous enthusiasm thirty-five hours 
a week. They read last fall ten dialogues of 
Plato and voted to have extra classes so 
that they might read and discuss the rest 
of them. In connection with the reading, 
formidable 
course of instruction in grammar, rhet- 
orice, logic, and mathematics. 

The entire freshman class at Columbia 


they are going through a 


is I hear now reading and discussing 
twenty-five of the great books in philoso- 
phy and literature. I understand that 
Rushing Week was a failure because the 
students were too interested in the reading 
to be interested in fraternities, that the 
books are the chief subject of discussion at 
all informal student gatherings, and that 
the only complaint comes from teachers 
in other courses who feel that their work 
is suffering from the excitement the books 
in the Humanities course arouse. For 
eight years and more I have taught these 
books to unselected pupils in our Uni- 
versity High School, and to freshmen, 
sophomores, juniors, and seniors in col- 
lege. Not one of them has suggested that 
the books were too hard or that they were 
not worth reading. I can testify from this 
experience, though not, of course, very 
scientifically, that students who can read 
anything thrive on these books and that 
the younger they are the more they thrive. 

Those who think that this is a barren, 


arid program, remote from real life and 
devoid of contemporary interest, have 
either never read the books or do not know 
how to teach. Or perhaps they have merely 
forgotten their youth. These books con- 
tain what the race regards as the perma- 
nent, abiding contributionsits intellect and 
imagination have made. They deal with 
fundamental questions. It is a mistake to 
suppose that young people are interested 
only in football, the dramatic association, 
newspaper. I think it 
could be proved that these activities have 
grown to their present overwhelming im- 
portance in proportion as the curriculum 
has been denatured. Students resort to the 


and the student 


extracurriculum because the curriculum is 
stupid. Young people are interested in 
fundamental questions. They are interest- 
ed in great minds and great works of art. 
They are, of course, interested in the bear- 
ing of these works on the problems of the 
world today. It is, therefore, impossible to 
keep out of the discussion, even if the 
teacher were so fossilized as to want to, 
the consideration of current events. But 
these events then take on meaning; the 
points of difference and the points of 
similarity between then and now can be 
presented. Think what a mind of referenc- 
es to what is now going on in the world is 
Plato’s Republic or Adam Smith’s Wealth 
of Nations. If I had to prescribe an ex- 
clusive diet for young Americans, I should 
rather have them read books like these 
than gain their political, economic and 
social orientation by listening to the best 
radio commentators or absorbing The New 
York Times. Fortunately we do not have 
to make the choice; they can read the 
books and listen to the commentators and 
absorb The New York Times too. I repeat: 
these important agencies of instruction 

the radio and the newspaper—and all 
other experiences of life, as a matter of 
fact—take on intelligibility as the student 
understand the tradition in 
which he lives. Though we have made 
great advances in technology, so that the 
steam turbine of last year may not be of 


comes to 








much value in understanding the steam 
turbine of 1940, we must remember that 
the fundamental questions today are 
those with which the Greeks were con- 
cerned ;and the reason is that human nature 
has not changed. The answers that the 
Greeks gave are still the answers with 
which we must begin if we hope to give the 
right answer today. The answers they gave 
have affected human history so pro- 
foundly that we cannot approach the 
issue of the purpose of the state, for exam- 
ple, without unconsciously reflecting their 
views. We may apply to these early think- 
ers the words of Cardinal Newman about 
Aristotle: ‘‘Do not suppose, that in thus 
appealing to the ancients, I am throwing 
back the world two thousand years, and 
fettering philosophy with the reasonings 
of paganism. While the world lasts, will 
Aristotle’s doctrine on these matters last, 
for he is the oracle of nature and of truth. 
While we are men, we cannot help, to a 
great extent, being Aristotelians, for the 
great Master does but analyze the 
thoughts, feelings, views, and opinions of 
human kind. He has told us the meaning 
of our own words and ideas, before we 
were born. In many subject-matters, to 
think correctly, is to think like Aristotle; 
and we are his disciples whether we will or 
no, though we may not know it.’”’ Do not 
suppose that in thus including the an- 
cients in my course of study I am exclud- 
ing the moderns. I do not need to make a 
case for the moderns. I do apparently need 
to remind you that the works of the an- 
cients lie at the foundation of the tradition 
in which we live. 

Do not suppose, either, that because I 
have used as examples the great books in 
literature, philosophy, and the social 
sciences I am ignoring natural science. 
The great works in natural science and 
the great experiments must be a part and 
an important part of general education. 
Here again I am not concerned with the 
method; I am concerned with the end. 
The student should understand the lead- 
ing ideas in the natural sciences. Do you 
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think he does today? On the contrary, 
what he gets today is either a superficial 
shower from a survey course or profes- 
sional instruction from the first day of the 
freshman year, based apparently on the 
notion that every member of the class is 
going to be a chemical engineer. Genera! 
education is not professional education. 
The curriculum must be designed to pre- 
pare the student for intelligent citizenship. 
The type of scientific instruction that | 
received in college has no place in the 
kind of college I am proposing. As for 
survey courses of the usual variety, they 
have no place there either. They degen- 
erate too easily into a rapid tour of all the 
facts known in physics, chemistry, and 
biology. The basis of the scientific program 
should be the great landmarks of scientific 
work, the books and the experiments. 

Neither at Columbia nor at Chicago 
has anybody interested in the kind of 
curriculum I am suggesting had the facil- 
ities for the kind of scientific instruction 
we have wanted to give. At St. John’s 
College those facilities are available and 
are now being used. It appears that be- 
tween a half and a third of the course of 
study will be mathematics and natural 
science. In fact, St. John’s is the only col- 
lege in the country in which every student 
must take laboratory science for four 
years. 

Another problem that has disturbed 
those who have discussed this issue is 
what books I am going to select to cram 
down the throats of the young. The 
answer is that if any reasonably intelligent 
person will conscientiously try to list the 
hundred most important books that have 
ever been written I will accept his list. | 
feel safe in doing this because (a) the books 
would all be worth reading and (b) his 
list would be almost the same as mine. 
There is, in fact, startling unanimity 
about what the good books are. The real 
question is whether they have any place 
in education. The suggestion that nobody 
knows what books to select is put forward 
as an alibi by those who have never read 




















REMINISCENCES 


any that would be on anybody’s list. 

Only one criticism of this program has 
been made which has seemed to me on the 
level. That is that students who cannot 
learn through books will not be able to 
learn through the course of study that I 
propose. This, of course, is true. It is 
what might be called a self-evident propo- 
sition. I suggest, however, that we employ 
this curriculum for students who can be 
taught to read and that we continue our 
efforts to discover methods of teaching the 
rest of the youthful population how to do 
it. The undisputed fact that some students 
cannot read any books should not  pre- 
vent us from giving those who can read 
some the chance to read the best there are. 

I could go on here indefinitely discussing 
the details of this program and the details 
of the attacks that have been made on it. 
But these would be details. The real ques- 
tion is Which side are you on? If you be- 
lieve that the aim of general education is 
to teach students to make money; if you 
believe that the educational system should 


251 


mirror the chaos of the world; if you think 
that we have nothing to learn from the 
past; if you think that the way to prepare 
students for life is to put them through 
little fake experiences inside or outside 
the classroom; if you think that education 
is information; if you believe that the 
whims of children should determine what 
they should study, then I am afraid we 
can never agree. If, however, you believe 
that education should train students to 
think so that they may act intelligently 
when they face new situations; if you re- 
gard it as important for them to under- 
stand the tradition in which they live; if 
you feel that the present educational pro- 
gram leaves something to be desired be- 
utilitarian- 
ism, and diffusion; if you want to open up 
to the youth of America the treasures of 
the thought, imagination, and aeccomplish- 
ment of the past, then we can agree, for 
I shall gladly accept any course of study 
that will take us even a little way along 
this road. 


cause of its “progressivism,”’ 
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Buddha's Advice to Students and Teachers 
of Mathematics 


By E. 1 


’, BELL 


California Institute of Technology, Pasadena, California 


1. The aftermath of a State Teachers’ 
Convention 


SomE explanation for the existence of 
this article is in order. First, the Editor 
must be disposed of. My kindest advice to 
him is that he turn this over to the com- 
positor, or file it in the nearest waste- 
basket, and take a long walk. For on a 
previous occasion, which he doubtless has 
forgotten, he turned a requested article of 
mine over to one of the most dignified 
pedagogues in the teaching profession for 
bowdlerization. The outcome may be 
imagined. The present case differs from 
the former in one crucial technicality, 
which leaves the Editor ethically free to 
file this article as suggested. The article 
was indeed requested, but it was not the 
Editor who asked for it. Under the cir- 
cumstances, he has my sympathy. 

It is hardly my fault that this came to 
be written. When I ‘addressed’ the Mathe- 
matics Section of the State Teachers As- 
sociation at San Antonio, Texas, early last 
December, I did so without notes, not an- 
ticipating a motion that some record be 
kept of my random observations on the 
teaching of school mathematics. However, 
a resolution was adopted at one of the 
sessions, instructing the secretary to write 
a full report of what I had said, possibly 
to be used as evidence against me should 
I ever be so foolhardy as to share a public 
platform with a reputable educator. The 
secretary confessed (in private) that she 
had no stomach for the assignment, and 
delegated it to me. I could not blame her, 
as I had only the vaguest notion myself 
of what I said. 

The moral of this is not the false prop- 
osition that invited addresses should be 
written out before delivery; for a canned 


speech is about as stimulating as a bow] of 
cold potato soup. Rather it is that those 
hapless tens of thousands in the United 
States of America whom state regulations 
and other nuisances compel to listen to 
talks on teaching usually should forget 
everything they hear as quickly as possi- 
ble. Of all the stuffed shirts and dreary 
bores I have been forced to endure, and 
to applaud, the average speaker at the 
average state teachers’ convention is the 
emptiest and windiest. Such pundits usu- 
ally take forever to say the nothing they 
have to say, and the net result is a waste 
of the teachers’ time and the taxpayers’ 
money. Why don’t the teachers take mat- 
ters into their own hands and put an end 
to these scandalous orgies of boredom and 
futile expense? The answer is simple, even 
if it may be rather unkind: teachers are 
not free men and women. Part of the im- 
mediate task before teachers of mathe- 
matics is to encourage their pupils to be 
freer than they themselves have been. 

I do not mean to imply that the conven- 
tion in San Antonio—or what I heard of 
it—was in this hallowed pedagogical tradi- 
tion of abysmal dullness. There may have 
been soul-stirring orations on the nobility 
of the teaching profession that left an 
ampler vacuum in an already infinite void; 
I wouldn’t know. Nor, apparently, would 
a large number of the teachers who at- 
tended that very unconventional conven- 
tion. There is much of interest to see in San 
Antonio, and its numerous comfortable 
hotels provide almost unlimited facilities 
for sleep at any hour of the night or day. 
Why be uncomfortable in a chair when 
you can sprawl on a bed? I salute the 
Texas teachers who made the most of their 
opportunities. Attendance at lectures was 
voluntary. 
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Those Texas teachers were a more alert, 
less down-trodden lot than any similar 
aggregation it has ever been my privilege 
to meet. They had an independence of 
mind and of conduct which was singularly 
refreshing. Possibly the San Antonio water 
was responsible, but I think not. It is more 
probable that natural good spirits increase 
ratio free human 
beings congregate. Whether these same 
teachers are as human when at home, un- 


in geometric where 


der the protecting wing of the local Par- 
ent-Teachers Association, the Ladies’ Aid 
Society, and all the other organized well- 
education whose melodious 
cluckings may yet make the teaching pro- 
fession in the U. S.:A. a refuge for all the 


old women of either sex, again I wouldn't 


wishes of 


know. I can only hope for the good of 
education in this country that the inde- 
pendence of San Antonio was not left be- 
hind when several thousand human beings 
checked out of their respective hotels, to 
return to their devoted task of civilizing 
Texas or, in some instances, of being civ- 
ilized by Texas. If it is of any interest to 
the reader, I returned to California half- 
civilized myself. 

All this is by way of introduction. It is 
not irrelevant to a very serious matter 
which concerns all of us who attempt to 
make mathematics mean something to the 
average human being, as will appear 
shortly. There is a twofold advantage in 
talking without notes to an audience with 
a mind of its own. First, the speaker will 
say many things he would censor if he saw 
them in cold typescript. A few of the au- 
dience will murmur the usual kind noth- 
ings to the speaker after the show is over; 
but this is only to be expected, so long as 
we in the United States continue to ape 
the graces of more effete civilizations. But 
the recent revival of interest in Americana 
of all sorts hints at a return to the more 
virile days of our pioneers, when compli- 
ments were uttered with six-shooters. The 
greater advantage of speaking extempore 
toalmost any teachers’ convention is this: 
Unless the speaker is a moribund jellyfish 
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(many are), he will say at least one thing 
which will irritate or offend half his audi- 
ence. In spite of his most rigid determina- 
tion to offend nobody, and therefore to 
say nothing worth hearing by anybody, 
the properly unprepared speaker will let 
the cat out of the bag and, if he is more 
fortunate than he deserves, will succeed in 
irritating himself as well as half his audi- 
ence. Then, supplementing the kind con- 
gratulations for ‘a very fine talk’, some 
of the more indignant victims will write 
lengthy letters of outraged protest to the 
speaker, and these will keep on coming for 
months, if not for years. 

Nothing less than a consuming rage 
will inspire the average teacher to sit down 
and write a red-hot letter of passionate 
disagreement with what has been said in a 
public talk not stopped by the police. The 
more who are thus moved to vent their 
feelings in vivid if sometimes unacademic 
English, the greater the success of the talk. 
Hell, it will be recalled, has been described 
as the place where everybody agrees with 
everybody else. After my stimulating so- 
journ in San Antonio, I am almost inclined 
that not far from 


to believe Texas is 


Heaven. 


2. The central disagreement 


Stripped of all false trappings of re- 
spectability, the chief objection to what I 
said about the teaching of elementary 
mathematics stands forth without a rag to 
cover its nudity in the following somewhat 
startling proposition: It is good for young 
people to be taught lies. 

Now we may or may not agree with that 
proposition as a sound principle of peda- 
gogy. But whether we agree or disagree, it 
is a readily verifiable fact that some of the 
most influential organizations of teachers 
in the history of civilization have pro- 
ceeded deliberately on that very proposi- 
tion. The teachers themselves—all except 
the incorrigible dupes who would believe 
in the flatness of the earth if so ordered— 
have known that what they taught was 
not so. Yet they have ‘honestly’ believed 
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that they were doing the best possible 
thing for their pupils, ‘under the circum- 
stances.’ The ‘honestly’ is in quotes be- 
cause a candid analysis might reveal the 
well known fact that those who dictate the 
finances have a great deal to do with our 
moral convictions. Among ‘the circum- 
stances’ usually cited as a justification for 
filling children with Mother Goose rhymes 
or similar nonsense instead of offering 
them some sound, useful mathematics and 
science, one of the tritest is that ‘the pupils 
are not sufficiently mature to accept any- 
thing closer to the facts.’ Possibly; but I 
have yet to meet the adolescent who still 
believes that babies are found by their 
mammas in cabbage patches, while I know 
scores of teachers of all sorts, from the 
grades to the university, who believe that 
mathematics is an image of the Eternal 
Truth, and who teach the subject accord- 
ingly. 

That remark of all that I ineautiously 
dropped in San Antonio which has raised 
the handsomest rumpus among my cor- 
respondents, was simply this: At no stage 
of education does it pay to teach things 
which the teacher knows to be unsound 
as if he knew them to be sound. It is not a 
question here of asking the pupils to as- 
sent temporarily to certain propositions 
whose proofs are tedious or admittedly 
too difficult for beginners. Any practical 
teacher does this repeatedly, even in the 
most advanced instruction. No mischief is 
done so long as the pupils are told explic- 
itly that they are accepting as true certain 
statements for which no evidence, or at 
best only a plausible argument, has been 
offered. The mischief—if such it is—begins 
when inexplicit assumptions are incorpo- 
rated wholesale into the development of 
some topic which the pupils are led to be- 
lieve is being developed from bedrock with 
all the hypotheses in plain view. 

There was nothing startlingly novel in 
the proposition that it does not pay to 
teach falsehoods or half-truths wilfully. A 
great mathematician said the like much 
better than I could ever say it sixty-three 
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years ago. At this point any teacher of 
elementary geometry who is in doubt 
about the ethics of cramming specious 
nonsense into adolescents’ heads, may skip 
the rest of this article and read W. Kk 
Clifford’s essay, The Ethics of Belief. Un- 
fortunately, however, Clifford’s Lectures 
and Essays are out of print; and not a few 
libraries that do posses a copy, have se- 
questered it with the 
where adolescents can’t get at it. 


books 
The 


essay on the ethics of belief has been one 


salacious 


of the principal reasons for putting the 
book in storage. The naked truth 
always has been slightly obscene to the 
elder brethren. 

Some who have followed thus far may 
agree with my more indignant correspond- 
ents that my remarks on the teaching of 
elementary mathematics were unfit for 
any self-respecting body of teachers to 
hear. We are coming to the mathematics 
presently. But in case anyone has missed 
the point so far, I may anticipate to a 
slight extent by saying that I should like 
to see elementary geometry, as at present 
taught in all but a few schools in the United 
States, pitched neck and crop out of edu- 
‘ation. And to prevent a possible misun- 
derstanding, this is not a plea for what is 
technically called ‘progressive education.’ 
Some of my unfortunate auditors confused 
me with an apostle of John Dewey’s who, 
I heard, was to have expounded the four- 
square gospel of progressivism as an in- 
fallible preparation for the complexities of 
modern life, but who unaccountably 
missed his train in New York. To judge by 
the retarded products of progressive edu- 
cation who flunk out of technical schools 
where the students learn, among other 
things, to decipher a railway timetable, 
progressive education may be left to re- 
cover by itself or to commit suicide in its 
own clumsy way. Anyhow, we have noth- 
ing to do with it here. But we have much 
concern with beliefs, ‘truth’, and the rela- 
tion of both to instruction in elementary 
mathematics. 

“The truth,’ we have been assured on 
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’ 


reliable authority, “shall make you free.’ 
And that, precisely, is the greatest objec- 
tion to the truth. Few wish to be free, and 
fewer still wish their fellows to be free. 
The “eternal spirit of the chainless mind” 

freedom, in brief—is all very well on a 
lecture platform or in a Fourth of July 
oration. But let freedom of teaching, free- 
dom of belief, and freedom of enquiry in- 
vade the class-room, and instantly the 
whole village is roused to defend its chains 
to the last man, woman, or child. If this 
sounds extreme, consider just this one 
question: what happens to the teacher in a 
community of less than a hundred thou- 
sand souls (save the mark!) who, justly or 
unjustly, acquires the reputation of being 
a ‘free-thinker’? How long does he remain 
on the payroll? 

“We brought nothing into this world, 
and it is very certain that we can take 
nothing out,” except, possibly, a free and 
independent mind. Unless a student has 
learned to think freely and fearlessly, he 
leaves school a beggar, fit only to wear the 
cast-off convictions of cynies who know 
that rags are not decent clothing. I prac- 
tise what I preach—in this instance: un- 
less one of my pupils leaves me doubting 
and checking everything I say, I count 
both his time and my own wasted; his, 
because he has learned nothing but some 
hundreds of facts, few of which will ever 
be of much use to him; mine, because | 
have tried to educate a congenitally credu- 
lous dolt. He remembers me, if at all, only 
as an execrable teacher; | write him off my 
books as so many pounds of the kind of 
fertilizer manufactured from cannon fod- 
der. 

Centuries of believing everything it is 
told on mere authority have made the 
mass of mankind the helpless herd it is. 
Ever since the fifth century of our era, un- 
questioning belief has been counted a vir- 
tue by those in authority. Respect for our 
elders and self-elected betters, and rever- 
ence for their outmoded ways of thinking, 
have been drilled into us in the most im- 
pressionable years of our lives by one or- 
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ganized pressure after another, until only 
one individual in thousands is not too 
stunned by the impact of all this authority 
to think for himself when his formal edu- 
cation is finished. Doubt above a discreet 
whisper is discouraged, and the skeptical 
habit of mind that questions before believ- 
ing, is kindly but firmly suppressed. Many 
have believed that this is all as it should 
be; and some of those who did not believe 
in the eternal endurance of the status quo 
as the most desirable of all states of bless- 
edness, died long ago, not a few of them 
quite unpleasantly. Contrary to the fact 
recorded in a famous boast, the old guard 
surrenders; it never dies. Yesterday’s here- 
tic is today’s saint; and by the irony of 
human stupidity, tentative theories that 
served their own day well enough, harden 
into sacred dogmas which it is treason or 
blasphemy to challenge. 

The particular heresy which concerns us 
here, and which may petrify into a creed 
before the world sloughs off its present coil 
of misery, is merely that belief is no longer 
in itself a virtue. As a simple corollary, 
“the will to believe,” in the phrase made 
famous by William James, is definitely 
dysgenic. If the human race is to survive, 
its young must be taught to doubt. This is 
the rock on which educational policy 
splits. I choose to go down with the un- 
gullible; many of my correspondents, to 
judge by their outraged protests, prefer to 
perish with the elect. 

A paragraph from Clifford’s essay of 
1877 may be quoted here, to show that 
there is no startling novelty in this heresy 
of today. 

It is not only the leader of men, statesman, 
philosopher, or poet, that owes this bounden 
duty to mankind. Every rustic who delivers in 
the village alehouse his slow, infrequent sen- 
tences, may help to kill or keep alive the fatal 
superstitions which clog his race. Every hard- 
worked wife of an artisan may transmit to her 
children beliefs which shall knit society to- 
gether, or rend it in peices. No simplicity of 
mind, no obscurity of station, can escape the 
universal duty of questioning all that we 
believe. 


Clifford continues, “It is true that this 
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duty is a hard one, and the doubt which 
comes out of it is often a very bitter 
thing.’”’ Granted; but who wants to stum- 
ble through life like a greedy schoolgirl 
half-suffocated by a mouthful of marsh- 
mallows? 


3. Various objections 


Admitting for the sake of argument only 
that the questioning habit of mind is a 
desirable thing to inculeate in teaching, we 
must now consider the feasibility of ori- 
enting elementary mathematical instruc- 
tion to that end. It should be remembered 
in reading what follows that we are not 
discussing the desirability or undesirabil- 
ity of using instruction in clementary 
mathematics as a means for making the 
average human being less gullible than he 
is. We are concerned solely with the ques- 
tion of whether or not it can be done. True 
to its traditions, the old guard condemns 
the whole project as visionary, absurd, 
and contrary to those established princi- 
ples of sound pedagogy which our fathers 
have handed down to us, and which it is 
our sacred duty to cherish and protect. To 
‘all this thesis by its right name, it is the 
rationalization of incompetence. Because 
some admirable mentor of youth cannot 
do a certain thing, therefore that thing 
‘annot be done. Contrary to this unin- 
formed defeatism before the fight really 
starts, elementary instruction in mathe- 
matics is being used today, with all due 
caution not to step on the tender preju- 
dices of the old guard, by numerous teach- 
ers whose minds have not fossilized for the 
very purpose of teaching young people to 
question their beliefs. The thing can be 
done because it has been done and is being 
done. Suppose again for the sake of argu- 
ment only, that this much is admitted. 
There now arise two inevitable and per- 
tinent questions: how is it to be done, and 
what becomes of the mathematical con- 
tent of the course in, say, algebra, geome- 
try, or trigometry, when mathematics is 
taught as suggested? 

As the experienced public speaker says 


when shrewdly heckled from the floor, 
these are large questions, in fact too large 
to go into as thoroughly as they merit in 
the few minutes remaining before this ses- 
sion must close. The speaker then evades 
the question, as I shall do, by telling a 
story, which usually has the effect of leav- 
ing the heckler more belligerent than ever, 
and the meeting breaks up in disorder 
“Nothing accomplished, nothing done, has 
earned a night’s repose.”’ | apologize for 
the autobiographical character of the 
story; but my excuse for it is the legiti- 
mate one that we understand best those 
disagreeable experiences which we have 
had ourselves. All this happened over 
twenty years ago; but the memory of it is 
still raw. 

By an iron decree of the mutual back 
scratchers and log-rollers in a certain State 
University, every candidate for a bache 
lor’s degree in anything whatever had to 
take a full year of trigonometry. Not even 
future nurses and majors in music were 
exempt. The official reason for this singu- 
lar insanity was that mathematics affords 
an invaluable training for the mind, and 
that trigonometry of all mathematics is 
the subject at the college level best suited 
to give beginners an insight into the har- 
monious unity of all mathematics with its 
undenied interweaving of arithmetic, al- 
gebra, and geometry. (If I go on like this I 
will begin getting interested in the stuff 
myself.) The unofficial reason for the uni- 
versal requirement was that the head of 
the mathematics department had written 
a fat book on trigonometry which every 
student had to buy. No other text of sev- 
eral hundred on the market was ever men- 
tioned, even in a whisper. In passing, this 
illustrates an earlier remark that teachers 
are not free men and women. It fell to my 
lot one year to get eighteen hours a week 
of trigonometry as my teaching load 
plus one advanced course, which searcely 
mattered. There were six sections, each 
with three class periods of one hour 4 
week. Four of the sections were engineer- 
ing and science students. There was no 
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difficulty with these; trigonometry did not 
have to be ‘sold’ to them; they knew they 
had to ‘get’ it; and they got it. 

The other two sections, twenty-five in 
each, were from the College of Liberal 
Arts, all girls. They must have been in 
collusion ; for at the opening period of each 
section, | was welcomed with glowers of 
helpless rage and a chorus of “Why do we 
have to take this stuff?” I replied that I 
did not know, but that God and the head 
of the department the 
practically —indistinguishable 
might. That observation was the only un- 


under circum- 


stances 


trigonometrical remark in the entire year. 
Those girls were there to learn trigonome- 
try; I was there to teach them trigonome- 
try, and, by the head of the department, 
they were going to learn trigonometry. 
They did. Any attempt to decoy trigo- 
nometry into a socially stimulating dis- 
cussion of the economic impact of the law 
of sines was ruthlessly shut up with a 
harder problem than the one which had 
inspired some hopeful soul to imagine that 
an hour might be killed in elevating con- 
versation. Then, toward the end of the 
first semester, the carefully planned mir- 
acle began happening. 

The first convalescent was a case I shall 
never forget; she had red hair and was 
very pretty. The daughter of an Episcopal 
clergyman, she had been rather tenderly 
nourished, too tenderly, in fact, for the 
good of her head. She buttonholed me one 
day after class. She was in evident dis- 
tress; and although I tried every dodge to 
escape without hearing her tale of woe, she 
managed to spill it all before I could get 
away. At first I thought she was jittery 
about her probable grade in trigonometry, 
had hastily assured her that unless she 
fell down completely in the final test, she 
was good for an A. But that was not it at 
all. Her problem was whether she should 
finish her university training and get a 
degree, or elope with her father’s curate 
Charles, she called him. She was making a 
bare passing grade in her major subject, 
political science; and she feared that the 


ON MATHEMATICS 257 


second semester would end in disaster. 

The case was obviously one demanding 
thorough exploration. It appeared that 
the patient was suffering from a mild at- 
tack of skepticism, induced by a thorough 
dissection of the alleged proofs offered as a 
training in reasoning in the text of trigo- 
nometry, and by the successful efforts of 
the class to supply all the assumptions 
necessary to transform nonsensical state- 
ments into tolerably sound arguments. 
Without being coached to apply the same 
critical technique to her other studies, this 
young woman had done so almost in spite 
of herself. To her great distress, she dis- 
covered that her revered professor in po- 
litical science Was spinning an irridescent 
tissue of moonshine from a few hypotheses 
having no detectable relation to ascertain- 
able fact. “The other girls are the same,” 
she wailed. ‘After picking trigonometry 
to pieces, they question everything the 
say, and don’t believe the 
books. Most of them are going to flunk 


professors 


out. Why, you can’t believe after you have 
had trigonometry as you did before.” 
Desperate remedies were indicated. I pre- 
scribed an immediate elopement with 
Charles before she had time to find out 
that he was as insubstantial as her politi- 
cal science. In the twenty years or more 
since I saw the last of that patient, I have 
often wondered what sort of life Charles 
has led. They eloped the day after she con- 
sulted me. 

What that troubled soul reported was 
true. One after another of the fifty stu- 
dents in the two sections from the College 
of Liberal Arts took an increasingly skep- 
tical attitude to the eternal verities of 
political science, economics, sociology, 
literary criticism, or whatever one of the 
humanities they elected; and some of them 
earned the undying enmity of every pooh- 
bah on the faculty. Nonetheless, 1 cannot 
help hoping that most of them made more 
intelligent and freer citizens than they 
might have become had they not been 
forced against their wills to take trigo- 
nometry. 








This is not a plea for compulsory 
mathematics in college; and Iam happy to 
report that obligatory trigonometry was 
abolished in the institution where all this 
happened, largely due to the extremely 
rude attack led by a rebellious student 
who is now a well know psychologist. This 
contumacious individual insisted on put- 
ting all the cards on the table, when, 
naturally, the joker in the pack turned up. 
It was the textbook. Students worth 
teaching mathematics to must be led to 
mathematics; it is quite futile trying to 
kick them into it. 

Perhaps some would like to see a speci- 
men of the trigonometry that can be used 
as a training in reasoning. This is lifted 
from a standard text that was used for 
many years in scores of institutions of 
higher learning in the United States, also 
in numerous secondary schools. The au- 
thor of this very useful text was (he is 
dead now if he was not then) a professor of 
mathematics in what is probably the most 
famous institute of technology west of 
Cape Cod. The author is showing the stu- 
dent how to prove trigonometric identi- 
ties, and his first example is this: 


“Show that tan? r+1=sec? r: 


sin? x 





ma 


cos? x cos? x 


sin? z+cos? r=1. 


Since the last is a true identity, the first 
is. Q.E.D.” 

His second example might well have 
been, “Prove similarly that the earth is 
flat.”” It can be done ‘similarly’ in three 
lines. Among my treasures is a letter from 
the Editor of an excellent periodical de- 
voted to the interests of collegiate mathe- 
matics (trigonometry is usually included 
under this head in the U.S. A.), refusing 
to call attention to the curious reasoning 
in that example, because to do so might 
hurt the author’s feelings and cast asper- 
sion on a great institution of learning. The 
text had been enthusiastically reviewed in 
the periodical in question. The moral here 
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is obvious: we teachers of mathematics 
must all hang together. 


4. Some history, ancient and modern 


We have not finished with the questions 
raised in the preceding section. The pres- 
ent section is set off by itself because it 
concerns that particular matter, the teach- 
ing of elementary geometry, on which 
there is the sharpest disagreement be- 
tween authority and common sense. 

First, to review briefly a few highlights 
from the history of this apparently inter- 
minable dispute, we recall that the (Eng- 
lish) Association for the Improvement of 
Geometrical Teaching (‘A.1.G.T.’) pub- 
lished its first annual report (Birmingham) 
in January, 1871. All school mathematics, 
not merely geometry, came under the pur- 
view of the Association; but it was in the 
teaching of elementary geometry that the 
greatest advance was made—after thirty 
years of constant struggle to make a slight 
dent in hidebound conservatism. For the 
final success, as will be seen immediately, 
was in the time-honored British tradition 
of compromise. Instead of thoroughly dis- 
posing of a dead horse when they had the 
opportunity, the English pedagogues left 
the greater part of the corpse above 
ground to pollute the air, and to remind 
teachers that although Euclid’s way of 
presenting geometry to the young might 
be dead it was not buried. 

By the 1860's, the teaching of elemen- 
tary geometry in England had reached 
such a pitch of futility that a few heretics 
resolved that something must be done 
about it; the A.I.G.T. was the tangible 
expression of this resolve. It was obvious 
to the would-be reformers that Fuclid’s 
Elements were no fit introduction to ge- 
ometry for children in the nineteenth cen- 
tury. About the turn of the century, an 
English engineer, John Perry, came to the 
aid of the A.I.G.T. and succeeded in rais- 
ing such a row in the public press about 
the inefficiency of the teaching of mathe- 
matics in English schools, that something 
finally was done. Euclid’s Elements were 














ousted from the schools. We shall see in a 
moment what succeeded them. 

Before this might-have-been memorable 
victory was achieved, the efforts of some 
of England’s leading mathematicians were 
needed to convince the teachers and the 
general public that they were not being 
deprived of their birthright. One cham- 
pion of sanity in particular who spoke out 
at this time may be quoted here, because 
what he said, with only a few verbal 
changes, is as pertinent today for the 
teaching of geometry in the U.S. A. as it 
was for the teaching of Euclid in England 
in 1902, and because this man has recently 
been much publicized in our own news- 
papers. 

“It has been customary,’ Bertrand 
Russell wrote in 1902, “‘when Euclid, con- 
sidered as a textbook, is attacked for his 
verbosity or his obscurity or his pedantry, 
to defend him on the ground that his logi- 
cal excellence is transcendent, and affords 
an invaluable training to the youthful 
powers of reasoning. This claim, however, 
vanishes on a close inspection. His defini- 
tions do not always define, his axioms are 
not always indemonstrable, his demon- 
strations require many axioms of which he 
is quite unconscious. A valid proof retains 
its demonstrative force when no figure is 
drawn, but very many of Euclid’s earlier 
proofs fail before this test.’’ Russell then 
proceeded to the demolition of a sufficient 
number of Euclid’s supposed proofs, be- 
ginning with the very first proposition of 
all, to convince and silence those valiant 
die-hards who maintained that Euclid’s 
Elements were “an invaluable training to 
the youthful powers of reasoning.” 

What succeeded a thoroughly discred- 
ited Euclid? The spineless compromise: 
scores of shabby texts, crammed with 
useless ‘theorems’ and pedantic exercises, 
which bore a fatuous resemblance to the 
Elements, and which perpetuated the great 
tradition of demonstrations that bewilder 
any child with a spark of native intelli- 
gence and prove nothing. Substitute for 
‘Euclid’ in Russell’s remarks the name of 





BUDDHA’S ADVICE ON MATHEMATICS 259 


almost any text on elementary geometry 
used today in our own schools, and you 
will have an exact statement of fact. 

Let us glance for a moment at the state 
of mind induced by a thorough training 
in this kind of mathematics. Among the 
most vigorous objections to what I said 
to the Texas teachers was this: “It is 
wrong to tell these teachers that the proofs 
in the textbooks they use are fallacious. 
You destroy their belief in the truth of 
mathematics, and leave them doubting 
and perturbed in their own minds about 
the value of what they teach their stu- 
dents. You university professors [as a 
matter of fact Iam employed by a techni- 
cal school, not by a university] may know, 
or think you know, that the proofs are 
worthless. But you have no business tell- 
ing the teachers so. It leaves a very bad 
impression.” 

That, at any rate, is an honest differ- 
ence of opinion, plainly stated. Clifford, 
we have seen, held the opposite point of 
view. 


5. Only one in ten thousand 


It may sound paradoxical after all that 
has been said about Euclid and his modern 
copyists, but it is a fact that even the 
shoddiest pretence for a textbook on ele- 
mentary geometry can be used as the basis 
for a sound training in reasoning and, 
more importantly, as laboratory material 
for teaching young people to scrutinize 
their beliefs. The method is quite simple: 
let the students first master a sufficient 
number of proofs as presented in the text 
to enable them to understand what is in- 
tended, then encourage them to go thor- 
oughly into a few of the simplest. The 
chances are many to one that they will 
find several inexplicit assumptions. But, 
if they have been intelligently taught, 
they will have been told that the whole 
point of the game is to use nothing that 
has not been explicitly stated as an as- 
sumption (axiom, postulate) in a proof. A 
skillful teacher will then know how to 
“transfer” this training in constructive 
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skepticism to less abstract situations, and 
a few of the pupils may acquire the habit 
of doubting what they are told on the mere 
authority of their elders and betters. They 
will seek out the hidden assumptions in 
what they are expected to believe, and de- 
mand evidence for the relevance of those 
assumptions to verifiable fact. 

Such a training is not proposed as a 
panacea; nor is it claimed that everybody 
could benefit by it. But if only one hun- 
dredth of one per cent of all the thousands 
who graduate from our schools every year 
might acquire the questioning habit of 
mind, the gain would be considerable, and 
the chances of the whole herd being led 
into mass stupidity and wholesale slaugh- 
ter would be correspondingly reduced. 

Since anything not crusted with a hard 
deposit of tradition is usually condemned 
out of hand as a dangerous radicalism, I 
may state that there is no novelty in the 
deflation of elementary geometry—as usu- 
ally presented—as a training in reasoning. 
It has been a commonplace for at least fifty 
years to those who make it their business 
to follow the progress of mathematics, 
both elementary and advanced. And it 
should be realized that a decade of the 
twentieth century, so rapid is scientific 
progress, may witness profounder changes 
in a particular science than occurred in the 
entire nineteenth century. Mathematics, 
even the most elementary mathematics, 
has participated in this progress. Sound 
and usable treatments of elementary ge- 
ometry and of elementary algebra have 
been available for several decades. How 
much longer is timorous conservatism 
going to withhold decent elementary 
mathematics from students at the second- 
ary school level? I have no idea; but I 
suspect that until teachers make it their 
business to frequent training schools where 
some living mathematics is taught to 
prospective teachers in addition to the 
mechanics of class-room routine, the fam- 
ine will continue. 

What has happened to the content of 
the course in elementary geometry all 
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this time while the students have been 
picking the alleged proofs to pieces and 
learning to think for themselves? This is 
another of those large questions which 
must be left aside. But by the time the 
students are ready to begin the standard 
course in geometry, they will be familiar 
with the rudiments of mensuration, and 
they will have used the Pythagoren theo- 
rem on num- 
erous problems in practical arithmetic. 


without having proved it 


They will also have accepted as true, after 
a simple demonstration for the commen- 
surable case, the proposition that the area 
of a rectangle can be computed by the rule 
‘length times breadth’. Yet a general proo! 
of this basie proposition is quite beyond 
secondary school mathematics, and is now 
no longer attempted, although it was in- 
cluded in the regular American schoo! 
course in geometry as late as 1910. Few 
had the maturity necessary really to un- 
derstand the proof. The like holds for the 
mensuration of the circle, which also can 
be made plausible to a seventh-grade stu- 
dent, and which is applied constantly in 
the grades to numerical examples. Like- 
wise for the properties of similar triangles 
And so on; by the time the students are 
ready for demonstrative geometry, they 
will know and will have made use of most 
of the facts of elementary geometry that 
are likely to appear in further mathemati- 
cal work, either pure or applied. At a lib- 
eral estimate, twenty propositions of the 
standard course comprise all those worth 
knowing and remembering. Why bother 
with the rest, when neither mathemati- 
cians nor technologists ever refer to them, 
and when only the rare freak among mathi- 
ematicians or ordinary mortals forces his 
proofs into the antiquated pattern in 
which Euclid strait-jacketed his demon- 
strations? Living mathematics is not done 
that way. 

This seems to be the proper place to 
note a fairly recent trend in the prepara- 
tion of teachers of secondary mathematics. 
It has been argued that because these 
teachers will have to teach elementary ge- 
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ometry, therefore they should learn the 
so-called modern (synthetic) elementary 
geometry of the triangle and the circle 
Kuler’s line, the nine-point circle, Simson’s 
(or Wallace’s) line, the Brocard points, and 
all that sort of thing. All this no doubt is 
very elegant, if not beautiful. But as part 
of a twentieth-century training in mathe- 
atics, it looks like the acme of futility. 
Without 


bush, I suggest to the teachers of second- 


further beating about the 


ary mathematics that they seriously con- 
sider throwing the traditional course in 
geometry out of the schools and substitut- 
ing for it more vital mathematics closer 
to the needs and practices of the twentieth 
century. Anyone whose mind has emerged 
from the nineteenth century can offer sev- 
eral topics to replace the antiquated ge- 
ometry that now wastes a year of the stu- 
dents’ time when they might be mastering 
some mathematics likely to be of use to 
them. The only ground for retaining the 
classical course in geometry is the training 
in deductive reasoning which it affords, 
and this, we have seen is largely mythical 
in geometry as actually taught. As strict a 
training in reasoning as is desired can be 
given in any mathematical subject once 
the students have learned the practical 
technique. 

An experienced teacher will seldom at- 
tempt to present algebra, say, as a mathe- 
matical science (hypothetico-deductive 
system) until the pupils have mastered al- 
gebraic manipulation and have applied 
their skill to numerous so-called practical 
problems. But surely there is time for ten 
or a dozen lessons at the end of the course 
to show the pupils the framework of the 
subject, and to convince them that not 
even mathematics can get along without 
assumptions; and further to convince even 
the most credulous that the assumptions 
are prescribed at will by human beings to 
enable them to understand the physical 


world and, to a slight extent, to control it. 
Realizing that mathematics, the seem- 
ingly most absolute of all the manifesta- 
tions of ‘truth’, is no more than a humanly 
constructed language devised to meet hu- 
man needs, the more intelligent may be 
led to examine other things which they 
have been told are ‘true’. 

To take a somewhat inflammatory ex- 
ample, from the hypothesis (assumption) 
that all men are born free and equal, nu- 
merous important conclusions follow, 
some of which have had great weight in 
applied sociology. In what sense, if any, 
does the hypothesis accord with verifiable 
fact? If, on critical examination, it should 
appear that the hypothesis has no mean- 
ing, or that, if it has a meaning then that 
meaning is factually false, the social theo- 
ries constructed on it evaporate. 

It is not necessary, of course, to go out 
of one’s way to tempt the vigilante com- 
mittee by inciting the young to think for 
themselves on social problems; the habit 
of independent, critical thinking can be in- 
culcated by quite innocuous examples. 
The rest, including vigilante committees, 
will then be taken care of automatically. 
This may all sound visionary and utopian; 
but history is our witness. One lump—a 
small fraction of one per cent of any gen- 
time after time has leavened the 
whole lot. Is education so impotent that 
that it cannot turn out one free and inde- 
pendent mind for every ten thousand ro- 
bots? 


eration 


Doubtless some have been wondering 
what the title of this article has to do with 
its content. Buddha’s parting injunction 
to his followers is said to have been this: 
“Believe nothing on hearsay. Do not be- 
lieve in traditions because they are old, or 
in anything on the mere authority of my- 
self or any other teacher.’”?’ Mathematics 
might be more valuable than it is if it were 
taught and learned in that spirit. 











The Introduction of Negative Numbers 


By Waurer J. BRuNs 
Syracuse, New York 


INTRODUCTION 

Ir 1s one of the most difficult tasks in 
teaching elementary mathematics in high 
schools to be both, understandable and 
correct. Most textbook authors know how 
to write simply and so to speak popularly, 
but, on the other hand, there is no doubt 
that many of them fall short of perfect 
scientific correctness. It would be ridicu- 
lous to try putting in school classes such 
modern scientific methods as, for example, 
the formal introduction of real fractions 
as couples of integral numbers, negative 
numbers as couples of positive numbers, 
imaginary numbers as couples of real num- 
bers. However, we are often forced as 
teachers to meet a mathematical situation 
where we have to pay attention to two 
points: first, no conclusion must be gained 
surreptitously or by tricks, and secondly, 
when some of the steps within a statement 
are too difficult to be understood by young 
people the gaps must not be concealed 
but, on the contrary, pointed out to the 
students with the explanation that it is 
possible to accomplish the proof although 
we may not do so for the moment. 

In elementary algebra difficulties arise 
in introducing negative numbers. Pupils 
usually do not get rid of the feeling that 
there must be something wrong about 
them, even that they ‘“‘are not really num- 
bers.” If positive and negative numbers 
are interpreted using concepts such as 
profit and loss, or revenues and expenses, 
and so on, the feelings of discomfort are 
likely to remain in the students’ minds. 
For such illustrations impose on negative 
numbers a property which they lack in 
general, namely, the property of being 
“Cardinal Numbers.” Really they are not 
cardinal numbers but ‘Ordinal Numbers’ 
—with certain exceptions to be explained 
later. It is my opinion, based on long ex- 


perience, that a clear, full understanding 
of this distinction helps clarify the concept 
of negative numbers even for young people 
and helps avoid the difficulties usually met. 

It seems to me that the way I have 
chosen to establish and interpret negative 
numbers is very simple. There are, of 
course, other important and interesting 
ways too, for instance couples of positive 
numbers, pencils of straight lines (which 
is the geometrical interpretation of those 
couples), representation through directed 
segments, etc. But, however the theory 
may be established, negative numbers are 
not at all cardinal numbers. 

The explanations which follow are ad- 
dressed to teachers rather than to their 
pupils. 


I. Ordinal and cardinal numbers. 


An “ordinal number’ marks a certain 
position in the row of numbers 1, 2, 3,.. .. 
A “cardinal number” characterizes an 
“aggregate” or a “set.” In saying: ‘four 
apples’ I am not at all interested in the 
single element; I 


e 


am characterizing the 
whole set of apples, and in answering 
the question; ‘How many?” I have used 
the number 4 as a cardinal number. 

But saying: “the fourth apple’ I am 
thinking, on the contrary, of a single el- 
ment of our set. For that purpose the set 
has to be ‘ordered’; that means, this 
apple and no other one is the first, that 
one the following and so forth. I have an- 
swered the question: “At what place?” 
Thus I have used the number 4 as an 
ordinal number. 

Cardinal numbers characterize one sct 
as “‘more and less”’ or “larger and smaller” 
than another; whereas the ordinal num- 
bers designate an element as ‘earlier and 
later” or “‘before and after’’ another. 

The row of the ‘natural numbers”’ 1, 2, 
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“or- 


dered set”? or briefly an “order.”? Thus 
we call a set M “ordered” if two con- 
ditions are fulfilled: first, if a and b are two 
different elements of M, then it must be 
fixed which of them is the earlier and 
which the later; secondly, if @ is earlier 
than b, and b earlier than c, then a must 
be earlier than c. Two sets M,; and M, 
with the elements a, by, .. 


‘ 


3,...18 the simplest example of an 


. and de, be, 
‘similar’ or to have the 
same “Type of Order” if the following two 
conditions are fulfilled: first the elements 
of M, and Mz are corresponding one by 


. are said to be 


one; secondly, when a, is corresponding to 
a, and b; to bs, and if a; is earlier than by, 
then a2 must be earlier than be too. If a 
set of similar sets is considered, any of 
them ean be taken as “representative” of 
their type of order or briefly as “type of 
order.”” The type of order represented by 
the numbers 1, 2, 3,... in their natural 
order is called w. Each of its elements has 
a superior and an inferior neighbour ex- 
cept the first, which has no inferior neigh- 
bour.! 

There have been many arguments 
among scholars as to whether cardinal are 
the primitive concept of numbers or ordi- 
nal numbers. Mathematicians as well as 
philosophers have developed very differ- 
ent theories in this respect. However, 
there seem to be no doubt that in the 
practical matter of counting ordinal num- 
bers come first. In counting I make the ele- 
ments of the set M to be numbered cor- 
respond one by one to the row of the 
numbers 1, 2,3, .... Doingso I order the 
set M itself. 

Imagine a dish of apples. Let us pick 
them up one by one and put them on the 
table from the left to the right designating 
them one after another by 1, 2, 3,.... Let 
the last of these apples obtain the name 
“eight,” that is to say that apple will be 


‘ This property is not sufficient to define w. 
For readers who know the theory of the sets 
I may add that e.g. the “transfinite ordinal 
number” w+w*+w enjoys the same property 
although being being different from w. 


“the eighth.” At that very moment 
“eight”? doubtless is an ordinal number. 
What makes it happen that we are able at 
this moment to speak of a “set of 8 ap- 
ples,” in other words, to obtain a car- 
dinal number by using an ordinal opera- 
tion? We shall see the reason if we put the 
apples back into the dish, shake them pro- 
miscuously and then order them again. 
Then the last apple will correspond to the 
number 8 again, as we know. In other 
words, the number 8 has become some- 
thing independent of the order we have 
chosen, something which only character- 
izes the considered set without respect to 
its order. That is exactly what we are 
thinking of in speaking of “eight apples,” 
thus using 8 as a cardinal number. 

We have just said: the last apple will 
correspond to the number 8 again, “‘as we 
know.’’ Why do we “know” that? By ex- 
perience? Certainly not. Eight apples ac- 
tually admit 40 320 permutations! By 
insight? Certainly not as far as just mathe- 
maticians are concerned. But why? Prob- 
ably by generalizing unconsciously experi- 
ences about very small sets such as 4 or 
at most 5 elements. Thus it is obvious that 
the situation ought to be looked into from 
a scientific point of view. 

Any set whose cardinal number can be 
established in the way of numbering as 
just explained in the case of the eight ap- 
ples is said to be a “‘finite set.’’ Every set 
whose elements are real objects of the 
world we are surrounded with is a finite 
multitude. A thoroughly critical definition 
of finite sets which would be satisfying for 
both philosophers and mathematicians is 
beyond the aims of High Schools. Because 
only finite sets are here being considered 
we shall, in general, use the word ‘‘set’”’ to 
denote “‘finite sets.’”” We can condense the 
contents of our previous discussion as 
follows: 

Fundamental Theorem: Any finite set 
possesses only one type of order, and how- 
ever it may be ordered, its last element will 
determine its cardinal number. 

It is well to notice here that even the 





264 





simplest infinite set, that is to say the 
multitude of all integral numbers, pos- 
sesses an infinite number of “types of 
order,” the simplest of which is w (ef. page 
000). We restrict ourselves to the mere 
mentioning of this fact without details of 
proof. 

Using only finite numbers as in the 
everyday life we do not become aware of 
the difference between ordinal and cardi- 
nal numbers because there is an “isomor- 
phism” between these two kinds of num- 
bers. That means, every operation con- 
cerning finite numbers can be interpreted 
in the realm of ordinal numbers as well as 
in that one of cardinal numbers according 
to our theorem. We should not find our 
theorem so evident were accus- 
tomed to using transfinite numbers in the 
everyday life. 

In everyday life we use the numbers 
mostly in the sense of cardinal numbers. 
We want to know “how much” we have 
to spend for something, “how many” feet 
in the length of a wall, “how many” hours 
we have to spend for doing some work. 
Yet ordinal numbers occur too. Attending 
a race we are less interested in knowing 
“how many” horses are racing than in the 
question: what horse was the first, what 
one the second and so forth; thus we ob- 
viously are using the numbers as ordinal 
numbers. The cashier of a theatre box 
office is interested in the number of tickets 
he has sold. So for him the number printed 
on the ticket is a cardinal number. But the 
visitor to the theatre does not care for the 
set of tickets sold at all. He is only inter- 
ested in the question where he is seated, 
i.e. in the position of the seat denoted by 
his ticket’s number. Hence, for him the 
same number will be an ordinal number. 

Any named number is a cardinal num- 
ber such as 5 trees, 4 dollars. This remark 
is very important in understanding the 
vary nature of negative numbers. 

For our purposes we still need a symbol 
for an “empty” set, that means for a mul- 
titude containing no element. This symbol 
is “0” or “zero.”’ A set containing 0 ele- 


if we 
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ments is a “set”’ only in a figurative sense. 
Here 0 is obviously used like a cardinal 
number. Used as ordinal number its posi- 
tion is one step “‘before’’ 1. 

The integral numbers represented by 
equidistant points on a straight line, as 
usual, are ordinal numbers. 
What has a single point to do with a set? 
certainly nothing. It is even absolutely 
unnecessary to suppose the points equi- 
distant. They are only required to cor- 
respond one by one to the numbers 0, 1, 
2, 3,... in their natural order. This con- 
dition will be fullfilled if the points suc- 
ceed each other with arbitrary distances 
in the same direction on the line. Once and 
for all we may suppose the straight line 
to be horizontal and the direction of in- 
creasing numbers to be the one from the 
left to the right. The line prepared in this 
way may be called “axis of numbers” or 
simply ‘‘axis.”” A “‘point of the axis’’ is to 
be understood not any point on the 
straight line, but one of those points rep- 
resenting numbers. Thus we may even 
say: “numbers are points of the axis.”’ But 
remember: in saying so we are thinking 
only of ordinal numbers. Now ‘‘number- 
ing” is nothing else than proceeding from 
point to point of the axis in the direction 
of increasing numbers. 


doubtless 


II. Addition. 


Now we are going to give two defini- 
tions of ‘‘addition.”’ Although the second 
is to be derived from the first only the 
second will turn out to be extended to 
negative numbers. Let a and b be the num- 
bers of elements of two sets M, and M, 
without a common element. Then we de- 
fine: 

a) The “‘sum’”’ c=(a+b) is the number 
of elements of that set which consists of 
both the elements of M, and the elements 
of Mo. 

In this definition we have only cardinal 
numbers. But in order to obtain that sum 
by figuring we order both, the multitude 
M, and the multitude M, and put M, 
“after”? M,. Hence using the Fundamental 
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Theorem we will gain the following way to 
obtain the sum, a way which may be used 
as a new definition at once: 

b) The sum c=(a+b) is that number 
which will be obtained when we start 
from a and proceed b steps in the row of 
numbers, or using geometrical concepts, 
that point of the axis which will be 
reached when we start from the point a 
and proceed b steps to the right. 

In this operation a may be called ‘“au- 
gend” and b “auctor,” the common name 
for these two 


Lay 


numbers being ‘“sum- 
mands,” 

Now it is to be noticed that the num- 
bers a, b, ¢ play different roles. Thus a, 
being a point of the axis, is an ordinal 
number, 6b, being a named number (‘‘b 
steps”) is a cardinal number, and c, being 
a point of the axis, is an ordinal number 
again. Hence we can say: 

If the addition is performed on the ams 
the augend and the sum are ordinal numbers 
whereas the auctor is a cardinal number. 

It is characteristic enough here that the 
cardinal number b does not put in an ap- 
pearance on the axis at all. Indeed, what 
would you mean by proceeding from the 
“point 3” by the “point 4’’? Saying so 
would be obviously nonsense. 

Now it is important to distinguish be- 
tween a+b without brackets meaning the 
operation of adding (or the “addition’’) 
and (a+b) within brackets meaning the 
result of an addition (or the ‘‘sum’’). For 
the concept of a+6 is quite different from 
the concept b+ a; in the former case a is 
ordinal and b cardinal and in the latter one 
just the reverse happens. On the other 
hand using the Fundamental Theorem we 
will obtain: 

1. (a+b) =(b+a), 
which formula is called the Commutative 
Law. It is instructive that youngsters who 
are starting figuring have not yet the ex- 
perience of the commutative law but con- 
sider 44+3 and 3+4 as different problems 
and thus figure either of them apart. 

Owing to the Fundamental Theorem we 
were able to derive the definition in 2 from 


the definition in 1. There are quite differ- 
ent circumstances in the theory of infinite 
numbers. Our theorem not being valid 
there, addition of cardinal numbers and 
addition of transfinite ordinal numbers are 
to be defined in absolutely independent 
ways. While the commutative law is still 
valid for infinite cardinal numbers it is not 
valid for transfinite ordinal numbers in 
general (cf. F. Jacobsthal,“‘ Die Vertausch- 
barkeit transfiniter Ordnungszahlen, 
Math. Annalen 64). We have not the in- 
tention to enter the details of these facts. 

Finally we have to mention the second 
fundamental law of addition, namely the 
“Associative Law”’: 

2. [a+ (b+c)]=[(a+b)+c] 

Pupils ought to be taught that they 
really have used the two laws from child- 
hood on by figuring additions. 

The third fundamental law called ‘‘Law 
of Monotony” does not come in question 
for our aims. 


III. Subtraction and negative numbers. 


We define the “difference” (a—b) of 
two numbers a and b by one of the two 
equations: 

3. b+(a—b)=a; 

4. (a—b)+b=a. 

These two equations (which are easily 
expressed in words) lead to two essentially 
different methods of subtracting although 
the results are the same according to the 
commutative law. 

Using 3 we will obtain the difference 
(a—b) by counting how many steps we 
have to proceed from the axis point b to 
the right in order to reach the point a. 
This is the usual method in giving change. 
Calling a ‘‘minuend”’ and 6 “subtrahend’”? 
we can say (cf. page 000): Using the meth- 
od of subtracting derived from 3 the minu- 
end a and the subtrahend b are ordinal 
numbers, while the difference is a cardinal 
number. 

Now we will proceed to that method of 


2 It would be by far better and more logical 
to replace the term ‘‘subtrahend”’ by ‘“‘minutor.”’ 








subtracting which is involved by the equa- 
tion 4: 

Using 4 the difference (a—b) is that 
point of the axis we will reach by going 
back (i.e. to the left) from the point a by b 
steps. 

Here the minuend is an ordinal number, 
the subtrahend a cardinal number and the 
difference an ordinal number again. The 
first way derived from 3 becomes useless 
if b>a. For in this case it is impossible to 
reach a from b by proceeding to the right. 
If a=b the number of steps will be zero. 

In spite of this result, using the second 
way derived from 4 we can proceed from 
a to the left by b steps at any rate, even 
if b>a. We only need to continue the row 
of numbers to the left beyond zero. Doing 
so we are getting a new row of numbers 
which are the reflected image of the old 
one. We distinguish these two rows put- 
ting a plus sign above the old numbers as 


++ + 
1, 2,3, ... anda dash above the new ones 
as 1, 2, 3,.... We could distinguish the 
two rows likewise by using, e.g., black and 
red numbers. Both of the rows are sepa- 
rated by zero. 

Remember that numbers were points of 
the axis (page 000). Thus 1, 2, 3,... are 
numbers. But they are by no means car- 
dinal numbers: even after having intro- 
duced the new numbers we are not able to 
take away 5 apples from 3 apples. How- 
ever, they are certain points on the axis 
in certain positions and they have certain 
superior and inferior neighbours: thus 
they are ordinal numbers and only ordinal 
numbers. 

The numbers 1, 2, 3,...are called 
“negative numbers’’; in contrast of this 


+ + + 

we call 1, 2, 3, .. . “positive numbers.’’ 
Now, as mentioned on page 000, we use 

numbers more often as cardinal numbers 


+ + 
3 The “crossed numbers” 1, 2,--- being 
only ordinal numbers are in so far different 
from the ‘‘natural numbers” 1, 2,---, which 


can be both, ordinal and cardinal. Practically 
it is unusual to make this subtle distinction 
and we shall not do it hereafter. 
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than as ordinal numbers in the everyday 
life. From this there arises the false notion 
that negative numbers cannot be proper 
numbers (page 000). The truth is, nega- 
tive numbers are absolutely “right’’ ordi- 
nal numbers but not cardinal numbers at 
all. Hence follows that it is wrong to in- 
troduce positive and negative numbers as 
“profit ant loss’? and so on (ef. page 000 
and page 000). 

We have mentioned several times that 
the terms “before and after” or “earlier 
and later’ are characteristic for ordinal 
numbers, whereas the terms ‘‘more and 
less” or “larger and smaller” belong to the 
cardinal numbers. On the axis, containing 
only ordinal numbers, each number a ly- 
ing on the right of a number b is said to be 
“after” or “later” than 6; but only if both, 
a and b are positive we are allowed to say 
too: ais “larger” than b. We are going to 
illustrate this by a very instructive exam- 
ple. It would be but crazy if somebody 
would tell us: ‘When you take away 7 
chairs from 5 leather chairs you will ob- 
tain 2 wooden chairs.”’ But now imagine a 
theatre with rows of chairs. There may be 
leather chairs on the right of an aisle 
running through the middle of the room 
and wooden chairs on the left. The aisle 
may be denoted by “zero’’, the leather 
chairs of a row by 1, 2, 3,... and the 
wooden chairs by 1, 2, 3, . . . where dashes 
have only the aim of distinguishing be- 
tween the two sides of the room. Then 
it will be obvious that starting with the 
fifth leather chair (ordinal number 5) and 
proceeding by 7 chairs to the left (named 
cardinal number ‘7 chairs’’) we will reach 
the second wooden chair (ordinal number 
2). If we conceive the equation 

5. 5—-7=2 
in that way, a negative number in com- 
parison with a positive one is really noth- 
ing but a certain position within a set of 
different objects ordered in the opposite 
(leather chairs—wooden chairs). 
There is nothing that can be spoken of 
as “more and less” or even of “lacking 
from zero.”’ 


sense 
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In 5 the sign above the number is a 
‘sign of position”? whereas the dash _ be- 
tween the numbers is a “sign of operation.”’ 
It is evident that premature writing (—2) 
instead of 2 is only to be embarrassing to 


‘ 


the minds of beginners. , 

The positive number 3 and the negative 
number 3 have the common property to 
differ by three steps from zero. This latter 
3 is, so to speak, a remainder of a cardinal 


part as well of 3 as of 3; it is called “ab- 


+ 
solute value.”’ Thus 3 and 3 have the com- 
mon absolute value 3. 


IV. Figuring with negative numbers. 


The next problem is to establish how to 
count using negative numbers. What does 
5+3 mean? According to our definition 
(b), page 000 we should proceed from the 
point 5 by 3 steps to the right. But there 
are no 3 steps, named numbers always 
being cardinal numbers (page 000) and 3 
only being an ordinal number. 

Thus 5+3 is a senseless symbol. 

But the introduction of a new kind of 
numbers would be useless if the possibility 
of figuring with them were limited. Hence 
we have the task to give a meaning to that 
“senseless symbol.”’ For this purpose we 
use the ‘Principle of the Permanence of 
Laws.’’4 

We decide of our own authority: if and 
when a symbol appears which is senseless in 
itself we keep up an “old” law, that is to say 
a law available within the already known 
sphere. 

It is obvious, that that principle is no 
theorem, but a “‘postulate.”’ The question 
which law is to be kept is one of scientific 
tactfulness; there only the success is de- 
Cisive. 

In the present case we choose the com- 
mutative law. Thus we postulate: 

6. (54+3) =(34+5). 


Since (3+5) exists being the point 


* This principle is due to Hankel. I cannot 
agree on objections against it made by philos- 
ophers provided certain precautionary meas- 
ures are taken. 


which lies by 5 steps to the right from the 
point 3, say’, we have decided that (5+3) 
ought to be equal 2. Hence we have the 
rule: 

The addition of a negative number means 
the subtraction of its absolute value. 

This result can be expressed through 
the formulas: = 7 

_ at+b=a-—|bl, 

- at+b=a-—|bl, : 
where/b/designates the absolute value of b. 
It is important to remark that the equa- 
tion 6 in its first appearance must not 
be read: “(5+3) is equal to (3+5),” for a 
not-existing thing cannot be equal to an 
existing thing. We have rather to read: 
(5+3) is required to become equal to 
(3+5). Furthermore the brackets cannot 
be omitted for only the equality of the 
results is required. The operations 5+3 and 
3+5 (without brackets) are as different as 
a trip from New York to Chicago is from a 
trip from St. Francisco to Chicago. 

Now it is easy to define the subtraction 
of a negative number. We postulate for the 
senseless symbol a—b, where a may be 
positive or negative, that the equation 4 
is to be kept up. Then using our last rule 
we will obtain: 


(a—b)+b=(a—b) — | b| =a. 


Hence we will get immediately: 


8. (a—b) =(a+|d]), 
or: 

The subtraction of a negative number 
means the addition of its absolute value. 

The equation 7 includes the 
why as an exception negative numbers can 


reason 


be used as cardinal numbers. Taking b=a 
we obtain: 

9. at+a=0. 

The contents of this equation can be in- 
terpreted as follows: two quantities with 
equal absolute values but opposite signs 
“destroy” each other. Hence $3 profit and 


> _ 
$3 loss may be interpreted as $3 and $3. But 
named quantities can be used as negative 
numbers only if there are opposite quan- 
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tities which are able to ‘“‘destroy”’ each 
other. This is a point which young people 
understand easily. It helps to make such 
illustrations useful instead of worrying. 
Besides, of course, negative numbers used 
like cardinal numbers are indispensable in 
applied mathematics as in physics and so 
on. 

There is a last theoretical point to be 
explained which often is missing in text- 
books. It is absolutely necessary to test 
whether or not by keeping up one law ac- 
cording to the principle of permanence 
other laws which are valuable in the al- 
ready known sphere automatically hold 
too. In the present case having kept the 
commutative law we have to examine 
whether the associative law holds, and it 
is easy to establish that that really is the 
case. But, of course, it is thinkable that 
by keeping up one law we have to give up 
other ones. And such cases really occur in 
higher mathematics, e.g., in the theory of 
the matrices. 


V. On scientific generalizations. 


You will notice that the concept of neg- 
ative numbers is a generalization of the 
concept of natural numbers just as the 
concept “building” may be thought of as a 
generalization of a concept “church.” It 
may be well at this time to have a look 
into the concept of ‘‘generalization”’ itself 
for that notion is important in every 
science. In elementary algebra generaliza- 
tions mostly occur when a problem of fig- 
uring turns out to be unsolvable by means 
already known. That especially happens in 
introducing the inverse kinds of figuring. 
So the inverse of adding leads to the nega- 
tive numbers, the inverse of multiplying 
leads to the fractions, the inverse of raising 
to a power leads to the irrational and the 
imaginary numbers. 

Every concept may be thought of as 
containing a number of ‘‘earmarks.’’ For 
example the concept ‘‘church”’ has (among 
others) the earmarks “being a building,” 
“having a tower,” “used for services.”’ If 
we cancel one or more of these earmarks we 
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shall have enlarged or generalized the con- 
cept and the effect of such a generalization 
is that now more objects are included in 
the concept. So canceling the earmarks 
“tower” and “used to services” in the con- 


sc 


cept “church” we shall have the concept 
“building” which obviously includes mor 
objects. Furthermore we are able to gen 
eralize the same concept in different ways 
So if we cancel the earmarks “building 
and “tower” of the concept “church” an 
keep up the earmark “used for services’ 
we have a new generalization including for 
instance the hymn book, the altar clot} 
the lectern. , 

In generalizing a concept we will call t! 
kept earmarks 
celed ones “accessory.”’ There will not !» 


“essential” and the can- 


any rule as to which of the earmarks ar 
to be taken as essential and which of the: 
as accessory. There are no necessary ge- 
eralizations. The only viewpoint under 
which scientific generalizations are to |» 
made is that the generalization must ly» 
useful and the choice is but a question o! 
what might be called scientific tactful- 
ness. Now one thing is to be considered 
especially. It may happen that earmarks 
considered as accessory by scientists seem 
to be essential to the layman—and just 
the reverse. Let us take the concept ‘“ani- 
mal.’’ A boy knowing only horses, dogs, 
cats and birds probably will consider «as 
“animal” such 
earmarks as heads and legs. How different 
from this is the lump of protoplasm which 
the zoologist calls an animal. Here almost 
everything is lacking what is required for 
the concept ‘ 


essential to the concept 


animal” by our boy. The 
only remaining earmark is the existence of 
certain chemical occurrences. This 
mark which scarcely comes to the mind of 
an average man is, to the scholar, not only 
“one” essential but “the one” 
sarmark. 

Things like this were happening when 
we were introducing negative numbers. 
The “natural”? numbers possess the ear- 
mark “cardinal” as well as the earmark 
“ordinal,” and with the latter is connected 


ear- 


essential 
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- the opportunity to interpret them as mark “cardinal” characterizing a non-or- 


n “points of the axis,’ because our multi- dered multitude—while the layman will 
n tude is supposed to be ordered. We, as be inclined to take the opposite way (cf. 
s mathematicans, keep up as essential the pages 000 and 000). This difference ac- 
\- earmarks “ordinal” and “point of the counts for almost all the trouble about 
it axis’’ and shake off as accessory the ear- negative numbers 
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Recent Trends in Arithmetic* 


By Ben A. Svue.rTz 
State Normal School, Cortland, New York 


ALL of us are aware of recent trends 
and developments in the field of arithme- 
tic. For convenience, the more important 
of these will be discussed under the follow- 
ing headings: Philosophy and Curriculum, 
Testing and Evaluation, Research, Teach- 
ing, and School Practice. After the 
preliminary presentation, we may wish to 
discuss more fully several of the topics 
about which questions are raised. 

First, however, let me sketch a back- 
ground of certain trends in elementary 
school practice. For a decade, there has 
been ar increasing trend toward emphasis 
upon present day human activities as a 
basis for the curriculum. This is manifest 
by such statements as the Cardinal Ob- 
jectives for Elementary Education in New 
York State, the California State Program, 
and the Mississippi State Program. In all 
of the more recent general programs the 
following trends may be noted: 

First, subject matter continues to be 
important but it is redirected in terms of 
functional living. It is no longer an end in 
itself. 

Second, the modes of learning as well as 
the ends of learning tend to dissolve 
subject-matter barriers. 

Third, textbooks continue in use both 
as learning and reference materials, but 
the textbook is freely supplemented with 
excursions, investigations, and interviews. 

Fourth, a more serious attempt is being 
made to develop in pupils the intelligent 
participation in, and the feeling of, re- 
sponsibility for their own affairs. 

In the organization of curricula, several 
noticeably different trends are apparent. 

1. In some curricula the core materials 
continue to be the subject-matter fields, 
but there is a strong movement to fit 
these materials and activities to the 


mental development of the child. In real- 
ity, this is merely grade-placement, but it 
is a placement in terms of child develop- 
ment rather than the logical nature of the 
materials, 

2. In other curricula, the organization 
is in terms of “‘expanding social aims and 
experiences.’’ Usually this implies begin- 
ning with immediate local and personal 
experiences and gradually extending to 
national and international. Occasionally, 
the direction is from present and current 
affairs to ancient backgrounds. 

3. A third type of organization features 
a combination of child development and 
social experiences. This type frequently 
begins with simple social patterns and 
progresses with those that are increasingly 
complex. 

All of you are familiar with the back- 
grounds of these movements which had 
their inciting moment with Dewey's 
“stages of growth” in 1896, and which 
have led to projects, activities, and pro- 
gressive education. As an outgrowth of the 
more recent arguments in education, I 
note two general trends which seem to be 
working toward a common goal. On the 
one hand is the trend to humanize educa- 
tion and to make it meaningful to the 
pupil, on the other hand is the trend to 
make education important by casting 
aside the mere busywork and “‘lollipops.” 
No doubt many of you have read ‘‘Lolli- 
pops vs. Learning” in The Saturday Eve- 
ning Postfor March 16, 1940. But I suggest 
also, that you re-think your tenets in 
elementary education by reading Bode’s 
Progressive Education at the Crossroads 
and Dewey’s Experience and Education. 

The trends that have been sketched in 
elementary education have had a lesser 
influence on arithmetic than on the social 


* This paper was presented‘at the conference of The Eastern-States Association of Professional 


Schools for Teachers, April 6, 1940. 
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studies. In many respects, arithmetic has 
continued to be the “unreconstructed 
rebel” of the curriculum. And there is 
good reason for this. The very nature of 
certain phases of arithmetic and the con- 
centration necessary to learn them ob- 
viates any chance of mastery in a social- 
experience curriculum where acquaintance 
should not be confused with mastery. 

What is new in the philosophy of arith- 
metic instruction and in curricula? What 
shifts in aims are apparent? First, there 
has been a humanizing influence which has 
had these results. 

1. Less emphasis is placed upon intri- 
cate and little-used computations and 
more emphasis upon basic concepts, ideas, 
information, and mathematical principles 
and relationships. 

2. A re-examination has been made of 
grade placement in terms of children’s 
experiences and child development. This 
has had the effect of postponing the 
mastery stages of computations from one- 
half to one and one-half years. Particularly, 
this has affected such processes as sub- 
traction and division. 

3. A recognition has occurred that 
arithmetic plays an important role in the 
lives of children, beginning as early as 
ages two and three. With young children, 
this is an oral and visual arithmetic which 
is followed later with the reading and 
Writing stages. Yes, arithmetic definitely 
belongs in the kindergarten and_ pre- 
school experience of the child. 

4. A reconsideration of what is really 
significant is taking place. On the lower 
grade levels this means the introduction 
of concepts, ideas, information, and 
vocabulary long before the final stages of 
mastery of computations are attempted. 
For example, practically every first grade 
child has partially developed a fraction 
concept; he uses the language and he may 
even sense the idea of combining frac- 
tional amounts of real things, but it is 
still several years before he attempts to 
put all of these ideas into an abstract 
written form. 


On the upper grade levels, problem 
solving becomes much broader and such 
elements as reflection, speculation, judg- 
ment, and thinkingtake a newsignificance. 
For example, consider budgets, Formerly, 
we apportioned money according to a 
given budget. Now we spend more time 
with the basic idea, the idea of balance 
between income and expenditure. We 
consider how experience should enter into 
the making of a budget and reflect how a 
family can keep its budget in balance and 
the responsibility of the child for the 
economic well-being of the family. Fur- 
thermore, the ideas of budgeting are being 
applied to time and energy as well as to 
money. 

5. Another effect of humanizing the 
curriculum has in several cases resulted 
in changing the name from arithmetic to 
mathematics, or as in the case of New 
York State, to “Mathematics for Elemen- 
tary Schools.’”’ You are familiar with the 
bad connotation of the word arithmetic 
which resulted 
held by many professors of education and 


from the narrow vision 
other researchers who saw in this field an 
easy avenue for using a newly learned re- 
search technique and an opportunity to a 
graduate degree. Today, we consider com- 
putation as merely one phase off arith- 
metic. However, it remains an important 
one. 

Second, in the philosophy of arithmetic 
instruction, one finds a searching into the 
nature and scope of arithmetic learning. 
This is manifest in a whole new set of 
watchwords. Let me cite a few; meaning, 
significance, insight, resourcefulness, in- 
genuity, and social and economic impor- 
tance. 

Brownell, Buckingham and others have 
discussed the philosophy of arithmetic 
instruction in the Tenth Yearbook of the 
National Council of Teachers of Mathe- 
matics andin THe MATHEMATICS TEACH- 
ER. Let me illustrate briefly from my own 
experience, how learning based upon in- 
sight has greater meaning and provides an 
independence of attack upon a problem. 








—————— 
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A four-year-old child said to her father, 
“Dad, two and three are five, aren’t 
they?” The father, a bit startled, said 
“Yes, how do you know?” Child re- 
sponded, “Here were five, and when I took 
two away, there were three left.’? Note 
the ingenuity and the relation of what you 
and I eall addition and subtraction. If 
we could observe the informal untutored 
and ingenious ways in which children 
discover by themselves, we would learn a 
great deal about natural approaches to 
child learning. A seventh grade boy who 
had learned the basic idea of percentage, 
that is, the idea of basing comparisons on 
100, showed a remarkable ability to ex- 
press comparisons as per cents in such 
situations as ‘‘What is the rate of increase 
when the price of canned corn has risen 
from 3 cans for a quarter to three for 29 
cents.”’? Meaning as associated with math- 
ematical principles and processes, and in- 
sight into processes and situations make 
the study of arithmetic a genuine educa- 
tional experience for the child. They lift it 
from the level of abstract drill and the 
feeling of drudgery. 

What is new in the field of testing 
and evaluation? In general, arithmetic 
tests have continued to be reasonably 
good tests of the ordinary computations 
and less good tests of problem solving. 
Many of us feel that tests and testers 
have been led astray from the real pur- 
pose of testing by their over-zealous use of 
refined statistical techniques which fre- 
quently are only partially understood by 
them. Too often the pupil has been 
blamed, when in reality the test is at 
fault. To illustrate, I encountered a case 
this year where the teacher of an eighth- 
grade boy was greatly concerned because 
John rated only a low sixth grader. I 
asked for his paper and noted that be- 
cause of the heterogeneous arrangement 
of the items, John had performed wrong 
operations. By letting him work five 
minutes on the paper, he raised his grade 
level almost three years. It is no more ridic- 
ulous for me to say that in five minutes we 


have raised the grade level of a boy three 
years, than are the many other similar 
statements based upon the results of stand- 
ard tests. Recently I was told of a test 
that had its coefficient of reliability raised 
almost fifty points by the employment of a 
formula of dubious origin and applica- 
bility. The root of the trouble is not with 
the statistical technique, but with those 
who use it. 

As “testing” has gradually fallen into 
ill-repute, the words evaluation and ap 
praisal have gained prominence. Certainly 
these words connote a broader vision in 
both content and method. As general ob- 
jectives for testing and evaluation of a 
broader type of arithmetic program, I sul- 
mit the following: 

1. All the important aims and out- 
comes should be evaluated insofar as this 
is possible. This means not only computa- 
tions and problem solving, but also con- 
cepts and vocabulary, principles and 
relationships, facts and information, basic 
thought 
judgments. 

2. The modes of testing and evaluation 


patterns, and reflections and 


should be suited to and subservient to the 
arithmetic. At 
present, written tests are inadequate in 


aims and materials of 


this respect. 

3. The techniques of test construction, 
of giving tests, of scoring them, and of in- 
terpreting and using the results should be 
suited to and subservient to the aims and 
materials of arithmetic. Statistical tech- 
niques are of secondary importance. 

4. The weighting and comparative im- 
portance of test items should be depend- 
ent upon the aims of arithmetic. This im- 
plies that social and economic importance 
of learning as well as the difficulty and 
complexity of test items should be con- 
sidered. 


5. In general, the arrangement of test 
items should be related to curriculum 
materials unless the test is used primarily 
for survey purposes at some age level. 

6. Testing and evaluation should face 
the duality of (a) the reasonable expecta- 
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tions of society from pupils and (b) the 
limitations of certain types of pupils. We 
all know that “chance errors’”’ are human, 
yet do we treat them with that considera- 
tion? 

7. Testing and evaluation should seek 
to serve all the important phases of teach- 
ing and learning. This includes readiness, 
diagnosis, progress, and achievement. 

In this broader field of testing and 
evaluation we have only begun to make 
progress. Here is a field for all of us. Let 
me warn you however, that it is a field for 
one who knows arithmetic and how chil- 
dren learn and not for one whois only a 
“specialist” is educational measurements. 

What has been happening in the field of 
research in arithmetic? As in the field of 
testing, I believe researchers have been 
carried away by statistical procedure. We 
say we have a newer psychology of learn- 
ing and that we have a broader vision of 
arithmetic that includes concepts, princi- 
ples, relationships, information, and judg- 
ments as well as computations and yet 
most research has remained on the plane 
of “counting noses.”’ I have tried to carry 
on some research according to a newer and 
broader pattern of education, yet I hesi- 
tate to submit it for publication because 
I had no occasion to use a sigma or a 
statistical coeficient. I sought to learn what 
kinds of mathematics and under what cir- 
cumstances Junior high school pupils 
learn incidentally. 

Many of our researches are studies of 
learning. I wish to use one of these as an 
example because it illustrates the points 
we should all consider as we read these 
studies. In the 1939 yearbook of the 
National Society for the Study of Educa- 
tion, Washburne reports the arithmetic 
materials suitable to various mental age 
levels. His results are based, I believe, 
upon the work of the “Committee of 
Seven,” which is a group of school men in 
the vicinity of Chicago. I tested his con- 
clusions with two groups of pupils in our 
training school and our results do not 
agree. | wish more people would test them. 


It is this same committee that arrived at 
the conclusion that a child must have the 
mental age of 12 years and 7 months be- 
fore he can master long division. When- 
ever I hear or read this statement, I 
wonder if there isn’t some statistical tech- 
nique by which we might further refine 
the conclusion to say 12 years, 7 months, 
3 hours, 17 minutes, and 8 seconds. It has 
been my observation of children that so 
many psychological factors enter into 
learning that it is hazardous to be too 
specific about how and when learning can 
or will take place. 

Whenever we read a research which is 
based upon a study of learning, we should 
consider the results as very tentative until 
we have satisfied ourselves on the follow- 
ing points: 

1. Is the researcher’s vision of the field 
sound and adequate? 

2. Are the learning procedures reason- 
able and acceptable? 

3. Are the measuring instruments fair 
and adequate? 

4. Are sufficient children and schools 
involved? 

5. Would I draw the same conclusions 
from the data? 

6. Are the conclusions in harmony with 
the tempered judgment and experience of 
teachers who have considered the prob- 
lem fairly? 

In another study, J. T. Johnson com- 
pares “The Relative Merits of Three 
Methods of Subtraction.” This is avail- 
able from the Bureau of Publications. 
Teachers College, Columbia University. 
Johnson’s study involved many pupils and 
is carefully and adequately described. The 
study deals with the subtraction of whole 
numbers in the abstract process. Should 
we follow Johnson’s conclusions in setting 
up a curriculum for a school or a state? In 
our broader vision of the realm of arithme- 
tic, we need to consider several related 
questions which may or may not alter his 
conclusions when applied to a learning 
program. These are: 

1. How do children learn to sense the 

\ 








different kinds of subtraction situations 
which they encounter in the real world 
and in written statements? 

2. Should visual and manipulative ex- 
periences with subtraction precede the 
written form? How and when should these 
experiences enter into the difficulties of 
carrying or borrowing? 

3. Since the language of subtraction 
situations differs, in many cases, from the 
language of a particular subtraction tech- 
nique, to what extent should we consider 
this circumstance when developing a 
curriculum? 

C. L. Thiele’s dissertation Contribulion 
of Generalization of the Learning of Addi- 
tion Facts is a learning study which in- 
volves a method of teaching and learning. 
This also is available from the Bureau of 
Publications, Teachers College, Columbia 
University. Brownell has an interesting 
study called “Learning as Reorganiza- 
tion.” In this he considers the way chil- 
dren progress. He uses subtraction as the 
avenue. His study is published as a mono- 
graph by Duke University. 

Fundamentally, I believe we should 
consider all researches in terms of the uses 
we may wish to make of the conclusions. 
A research may be perfectly sound within 
its scope and yet that scope may not be 
adequate for the purpose for which we 
wish to use it. We need more researches 
that are in harmony with the broader 
vision of our more modern program of 
arithmetic. Again, here is a field for all of 
us. Do not hesitate because you do not 
know all of the refined statistical techni- 
ques. For many years, others who have 
not known the field of arithmetic have 
not hesitated to research therein. 

Finally, let us consider briefly trends in 
teaching and school practice. For a decade 
there has been strife between activity 
education and subject matter education. 
People have argued that if activities are 
good for grades one and two, they should 
also be good for grades seven and eight. 
Similarly, if this type of education is good 
for social studies it should be good for 
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arithmetic. This argument is about as 
logical as saying that if quinine is good 
for malarial fever, it should be equally 
good for typhoid fever. What we need to 
learn is exactly for what types and levels 
of school experience such things as activi- 
ties and excursions are best suited and for 
what types analyzing, experimenting, and 
practicing are best suited. Our first con- 
sideration in seeking light on method 
should be to determine the scope and 
nature of education, and then study and 
experiment with modes and methods. Are 
we agreed that a child should, for example, 
learn to add and to divide reasonable 
whole numbers? If so, our method must 
certainly be sought in terms of the nature 
of these processes and in the behavior of 
the learner. To me, activity and social 
experience education are well suited to the 
arithmetic of the kindergarten and of 
grades one and two. Here the pupils are 
developing fundamental ideas of numbers, 
of number situations, and processes 
through seeing and handling objects. This 
type of education serves also for develop- 
ing the size-value-use concepts of meas- 
ures and fractions. It gives significance to 
processes but does not provide adequately 
for mastery of them. If you want mastery 
of multiplication, there comes a time when 
you must study the process and learn to 
use it. This certainly implies drill or prac- 
tice. A fine summary of informal learnings 
achieved in the lower grades is given by 
Miss Agnes Gunderson of Wyoming and 
reported in THe MATHEMATICS TEACHER, 
for January, 1940. 

In subject-matter curricula, arithmetic 
processes are usually placed in the inter- 
mediate grades. As a whole, pupils have 
been reasonably successful in learning 
them. However, this learning has not 
taken place by casually experiencing 
them. Anyone who has learned and taught 
arithmetic knows that there are many 
logically related ideas and materials. It is 
sensible in planning a program to capital- 
ize upon these relationships in order to 
facilitate the development of meanings 
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and understandings. Hence with certain 
phases of arithmetic as in no other realm, 
sequence of arrangement and of teaching 
is both desired and necessary. That is why 
arithmetic must continue to be the ‘un- 
rebel” to 
which organize programs solely in terms 
of the desiresand experiences of the pupils. 
This is also the reason why a curriculum 


reconstructed those schools 


of sequential social experiences can not be 
organized unless this program is first con- 
sidered in terms of the arithmetic content 
of these experiences. Unfortunately, not 
all supervisors and “curriculum special- 
ists’? know this. A well-known supervisor 
onee said, “‘Why certainly I would teach 
long division in grade two if the children 
encountered an experience in which it is 
needed.” 

In the upper grades, there is ample 
opportunity for excursions, for gathering 
information, and for critical argument 
concerning the information. At this level, 
if the basic concepts and processes have 
been reasonably well learned in the inter- 
mediate grades, pupils are able, and they 
enjoy drawing inferences, testing reason- 
ing and conclusions, and extending arith- 
metic into broader social and economic 
fields. 

In a number of schools, teachers are be- 
ginning to classify outcomes in terms of 
their service to intelligent living. In arith- 
metic this means determining those im- 
portant ideas, concepts, items of informa- 
tion, principles, habits and patterns of 
thinking, and the computations which 
everyone should possess with reasonable 


certainty. It means determining another 
group of outcomes which may be learned 
for immediate and for background use and 
which are apt to be forgotten, but which 
are again available by reference. In this 
second group, one might place the less 
used measure facts. There is a third group 
of materials and outcomes which consists 
of those things which an educated person 
may recognize by name and about which 
a partial understanding is desired. For 
example, the idea of finding the whole 
when a per cent of it is known may be 
placed in this third group. The next 
decade will, I hope, show a strong trend 
toward the reclassification of outcomes in 
arithmetic. 

Throughout the elementary school pro- 
gram, the wise teacher is the one who 
knows when and how the social situations 
involving arithmetic should be employed 
to give significance to work with numbers, 
and when and how the more abstract proc- 
esses should be employed to give greater 
meaning and understanding to. social 
situations. It is not a case of one or the 
other. It is a case of knowing how to use 
them co-operatively. 

Arithmetic is the universal language of 
commerce. The ideas of order, of organi- 
zation, and of number and amount are 
basic in our social and economic systems. 
Our schools must serve society as well as 
the individual. They must teach arithme- 
tic. Let us, as teachers, make this a sen- 
sible and useful arithmetic that is learned 
by sensible and useful means. 
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The Value of Simplification 


By E. E. Evy 
Astoria, Oregon 


AN EXCELLENT article in the November 
issue, by Professor Davis, concludes with 
the surprising remark, ‘“‘We hope you will 
not break faith with us (the teachers of 
science) by making your mathematics 
courses so easy that they mean nothing.” 
The surprise is engendered by the fact 
that the article shows to what extent 
mathematics has been made meaningless 
by too much complexity, too much undi- 
gested matter, too much practice on rou- 
tine problems, and far too little attention 
to the derivation and meaning of the for- 
mulas which the pupils are allowed to 
copy instead of deriving those formulas 
for themselves. 

As a simple instance, the meaning and 
necessity of such a formula as “‘rr?”’ can 
readily be brought home to the most ele- 
mentary pupil by simply inscribing a circle 
within a square and then quartering the 
figure by connecting the opposite points of 
tangency. It may be pointed out to them 
that the fundamental and natural measure 
of the square is the length of its side; 
whereas that of the circle is its radius, the 
distance to which the points of the com- 
passes are set. The question may then be 
put, ‘How much smaller does the square 
become if we trim its corners so as to 
leave the circle?”? Obviously, by simple 
comparison of areas, that of the circle is 
about ? of that of the square. That is, it is 
about three of these smaller squares on the 
radius. More precisely, it is slightly more 
than three; 3.14 or 3.1416. 

So, in finding the area of a circle, we 
may square its radius as though we were 
finding the area of one of these quarters 


of the circumscribing square. Then, re- 
membering the relation of square to circle, 
we may remember that the area sought is 
not four times this smaller square but 
slightly over three. In the same way we 
may find that the linear distance between 
adjacent tangent points, along the straight 
lines, must be multiplied by four to get the 
perimeter of the square; whereas by fol- 
lowing the curved line we may arrive at 
the starting point by travelling only about 
2 as far. Thus the perimeter of the circle 
is r times the double radius, diameter, or 
side of the enclosing square. 

In this way these measures are not only 
brought within reason as matters of direct 
experience, but also the number 7 stands 
out in sharp relief as a relation between all 
circular, or closed, measures and all rec- 
tilinear, or open, measures; {yet whence 
comes the constant recurrence of this re- 
lation in odd corners of nature, science, 
and mathematics. 

Carelessness with decimals, confusion 
over approximations, and ignorance of the 
meaning of the word “‘space’”’ are only ad- 
ditional instances of the random haphaz- 
ardness with which the foundations of the 
child’s education are laid. Indeed, Pro- 
fessor Davis himself comes near to trip- 
ping over the child’s stumbling-block, in 
referring to “changed meanings” of the 
word space and in setting it out as syn- 
onymous with volume. There is room for a 
contention that the word has but one 
meaning, which is by no means an easy 
one; and that the expression ‘‘ 
space”’ is merely incomplete in that it docs 


air occupies 


not specify that three-dimensional space, 
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that is, volume, is meant. The child who a point where it becomes meaningless? 
has been too long allowed to take the word Rather, are not great simplifications nee- 
in the limited sense in which Euclid con- essary in order to give it meaning, espe- 
ceived it, will naturally encouter difficul- cially to a child? It remains for some fu- 
ties of re-education before he can realize ture genius to do for algebra what Dr. 
that “space” has not a host of meanings Fawcett! has done for geometry—and may 
but a host of applications and that those his coming be not too long delayed. 
which are by far the most important 

mathematically may make themselve sen- 1 Faweett, Harold P., The Nature of Proof, 
sible to him only as the degree of an the Thirteenth Yearbook of the National Coun- 
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The Sixth Summer Meeting 
of 


The National Council of Teachers of Mathematics 


By Epvwin W. SCHREIBER, 
State Teachers College, Macomb, Ill. 


THE Sixth Summer Meeting of the Na- 
tional Council of Teachers of Mathematics 
was held at Milwaukee, Wisconsin, July 
1, 2, and 3, 1940, with headquarters at 
the Hotel Pfister. Some 350 were in at- 
tendance at this meeting and 338 reg- 
istered. 

The general theme was “The Service of 
Mathematics to the Community.” A total 
of eight sessions was held during the three- 
day period. On Monday, July Ist, the 
following sessions were held: 

1. Service of Arithmetic to Community, 
2:00 P.M. 

2. Joint meeting with the Department 
of Secondary Teachers—‘‘American 
Youth in Today’s Democracy,” 3:15 
P.M. 

On Tuesday, July 2 

3. How Mathematics in the Junior High 
School Serves the Community, 2:00 
P.M. 

4. The Service of Mathematics to Other 
Departments in the Senior High 
School, 2:00 p.m. 

5. Reception at College Club sponsored 
by the Milwaukee Mathematics 
Club, 4:00-6:00 P.M. 

On Wednesday, July 3 

6. Discussion luncheon, 12:00 noon. 

7. Mathematics for the Elementary 
School, ‘‘The Service of Arithmetic 
to the Community,” 2:00 p.m. 

8. Mathematics for the Senior High 
School, ““The Service of Mathematics 
to the Community,” 2:00 p.m. 


(See detailed program in the Marue- 
MATICS TEACHER, May, 1940, pp. 233 
235.) 

The exhibit committee under the chair- 
manship of George A. Parkinson planned 
a very interesting exhibit which was held 
in the basement corridor of the Milwaukee 
Vocational School. 

The reception on Tuesday afternoon 
from 4:00 to 6:00 at the College Club 
which was sponsored by the Milwaukee 
Mathematics Club was a very delightful 
social occasion. Officers, members of the 
Board of Directors, and prominent mem- 
bers of the National Council were in the 
receiving line and had a fine opportunity 
to meet personally those in attendance at 
this Milwaukee Meeting. 

The discussion luncheon on Wednesday 
noon, July 3, at the Hotel Pfister, was at- 
tended by 169 members and guests. The 
group was divided into twenty-one tables 
with a host and seven members or guests 
at each table. 

The chairman of the local committee, 
Miss Florence A. Bixby, together with the 
members of her committee, took care of 
all the local arrangements in exceedingly 
satisfactory manner, in fact all of the 
Milwaukee teachers were very gracious in 
helping to make this meeting of the Na- 
tional Council a distinct success. The com- 
mittee on local arrangements was: Miss 
Florence A. Bixby, chairman; Howard 
Aker; Irene Eldridge; Johanna Geil; Viola 
Lee; Sylvia Leonard; Fred Nicolai; Es- 
telle Stone. 
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ATTENDANCE AT MILWAUKEE 


ARIZONA 


Jokake 
“llinwood, Dorothy 


CALIFORNIA 

Chula Vista 

Junchen, Christine 
Fresno City 

Rabowm, Sara 
Los Angeles 

Bloch, Louis 
Oakland 

Sumner, Ruth G.* 
Sacramento 

Burkhard, W. J. 
San Luis Obispo 

Cole, Perry O. 


COLORADO 
Boulder 
Saunders, G. J.* 
Denver 
Charlesworth, H. W.* 


Charlesworth, Mrs. H. W. 


CONNECTICUT 
Bridgeport 
Roth, Friedrich* 
Hartford 
Wheeler, Dorothy S.* 


FLORIDA 
Oviedo 
Leinhart, Helen E.* 


GEORGIA 
Columbus 
Ward, George W. 


ILLINOIS 

Aledo 

Daymude, Lois 
Batavia 

Gutekunst, Hans* 
Carbondale 

Entsminger, Mary 
Centralia 

Huck, Raymond* 
Chicago 

Aimee, Sister* 

Allen, Lucie* 

Badger, Bonnie 

Breed, Frederick 

Foster, Lucille A. 

Harkan, Ferne 

Harms, Mildred* 

Hartung, M. L.* 

Linehan, Anne* 

Merkhofer, Beatrice E.* 

Murdoch, Florence 

Overn, Orlando E.* 

Popp, Dorothy* 

Skinner, Kate E.* 

Swain, Henry* 
Du Quoin 

Truebeger, Madge 

. St. Louis 

Kuehn, Rachel 

Muck, Lida 

Imhurst 

Berry, Charles A. 


JuLy 1-3, 1940 


Evanston 

Sanford, Helen 
Franklin Park 

Flood, Elizabeth 
Freeport 

Baumgartner, Reuben * 
Galesburg 

White, Velma Fay* 
Hersman 

McCoy, M. Eleanor 
Illinois City 

Hays, Hazel 
Joliet 

Guthrie, Edna 

Woods, Alice 
Kenilworth 

Hart, W. W. 
LaGrange 

McRel, Marion* 

Warren, Hill 


Macomb 

Schreiber, Edwin W. 
Metamora 

Stephenson, Fred 
Moline 

Conrad, R. M. 
Normal 


Sims, Wilma T. 
Oak Park 

Doran, Helen 

Hartman, Mary Jane* 
Polo 

Iske, Albert F. 
Prophetstown 

Munson, Florence A. 
Rockford 

Burchfield, Mary 

Patterson, Maud* 

Slade, Katherine* 
Rock Island 

Burch, Ruth 

Parrish, Hazel* 
Springfield 

Montgomery, Bernice 
Urbana 

Lytle, Edith* 
Waukegan 

Barezewski, Walter* 

Casterton, Cory 

Dady, Bess 

Dady Margaret* 

Grady, Florence* 

Greenleaf, Myrtle* 

Osbun, Geo. Wesley 


INDIANA 

Columbus 

Folger, Edna V. 
Ft. Wayne 

Turpin, Chas. R.* 
Gary 

Foster, Grace L. 
Hammond 

Howe, W. H. 

Jones, Harold 
Indianapolis 

Stultz, F. W. 

Tyndall, Gladys 
South Bend 

Semortier, Antoinette 


MEETING 


Syracuse 
Kitson, Mary A.* 


Iowa 

Ames 

Smith, Helen F. 
Davenport 

Beck, Reta* 

Rearick Marie O.* 
Dubuque 

Hilton Mrs. M. L. 

Watters, Flora 
Fort Dodge 

Burke, Mabel* 

Hach, Alice* 
Iowa City 

Lane, Ruth 
Keokuk 

Nickle, George* 

Nickle, Mrs. George 

Raich, Carrie 
Mason City 

Bento, Mildred 
Muscatine 

Smith, Elizabeth* 
Ottumwa 

Hannum, Lucy 
Sioux City 

Crowell, Deanna 

Norris, Zoe 


KANSAS 
Kansas City 
Hume, J. Clyde 
Wichita 
Baird, Elizabeth 


KENTUCKY 
Bowling Green 
Gilbert, Dawn* 
Tryphena, Howard* 
Shelbyville 
Sleadd, Agnes 


MAINE 
Marshfield 
Ryder, Grace E.* 
Watertown 
King, Ethel C. 


MICHIGAN 

Adrian 

Curtis, Vaughn 
Ann Arbor 

Kahoe, Nellie 

Schorling, Raleigh* 
Detroit 

Beck, Hildegarde* 

Hornick, Sister Mary F. 
‘lint 

Bishop, John* 

Hastings, Marie 

Loss, Nellie* 

Terry, Blanche 

Terry, Rose F. 

Walz, Gretchen* 
Grand Rapids 

Carmella, Sister Mary 
Iron Mountain 


Johnson, Orland T.* 
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MicuiGan (Cont’d.) 
Traverse City 
Sill, Martha 
Wakefield 
Duffin, Francis 


MINNESOTA 

Byron 

Kesson, Stella R.* 
Caledonia 

Palen, Dolores R. 
Duluth 

Hansen, Agnes M.* 
Minneapolis 

McNeil, Frances J.* 

Tenney, Edith 

Woolsey, Edith* 
Northfield 

Carlson, C. S 
St. Paul 

Ambrose, Sister M. 

Kearney, Dora* 
Thief River Falls 

Batten, Lyda 

Larson, Edna A. 
Wadena 

Mason, Ione 
Warroad 

Case, Paul 

Missour! 

Cape Girardeau 

Williams, Grace N.* 
Independence 

Chiles, James* 
Kansas City 

Ammerman, Emir F. 

Longshore, Blanche 

Randolph, Adelaide 
St. Louis 

Markham, Carrie* 

Osborn, Jesse* 


NEBRASKA 
Kearney 
Beckmann, Milton 
Lincoln 
Britton, Louis 


NEw JERSEY 
Bayonne 
Spargo, Jane* 
Glen Roc 
Palmer, B. Weir 


New Mexico 


Albuquerque 
Anderman, Eleanor 


New YorK 
New York City 
Katra, ‘Adolph K.* 


Rochester 
Friel, Leen C.* 


Nort Dakota 
Fargo 
Morris, Glenn 
Harvey 
Anders, Franklin 


OHIO 
Akron 
Palmer, Ellen 
Blue Ash 


Ranz, Esther 


Canton 

Shumaker, Edna 

Swinehart, Ethel 
Cleveland 

Metts, Dari E. 
Columbus 

Hawceett, Harold* 
Elida 

Lutz, Idesta 
Lakewood 

Rush, Abby 
Oxford 

Christofferson, H. C.* 


Christofferson, Mrs. H. C. 


Shaker Heights 
Miller, A. Brown* 


Miller, Florence Brooks 


OKLAHOMA 
Oklahoma City 
Butler, Undine* 


Soutu Daxkora 

Sioux Falls 

Wagner, Josephine E.* 

TENNESSEE 

Knoxville 

Baldwin, Forrest 
Maryville 

Goddard, Mary J. 
Memphis 

Hall, Katherine 

Wright, Etoile* 
Nashville 

Wren, F. L.* 


TEXAS 
Dallas 
Brown, Emma H.* 
McClure, Pearl 


Utrau 
Provo 


Johnson, W. F. 


W ASHINGTON 


Du Pont 
Beer, Mildred 
Mitchell, Helen 


WISCONSIN 

Appleton 

Carter, Ethel* 
Baraboo 

Enright, Marjorie C. 
Beaver Dam 

Newlin, Ruth* 
Beloit 

Huffer, Ralph C.* 

Porter, Irma C.* 
Cudahy 

Serfick, Elizabeth 
Delafield’ 

Hegner, Paul* 
Delavan 

Taylor, Grace* 
Eau Claire 

Otteson, Elli* 
Fond du Lac 

Hansen, Estelle* 

O’Neil, Ellen M. 
Green Bay 

Fell, Florence* 
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Helen, Sister Mary 
Nicholson, Mae E.* 
Ronau, Marie B. 
Rueppel, Eunice A.* 
Siegmund, Emilie 
Swan, Jessie* 
Kenosha 
Phillips, Lucile 
Kohler 
Burns, Isabel 
La Crosse 
Myra, Sister M. 
Ladysmith 
Avis, Clifford L.* 
Madison 
Borden, Lucie 
Conlin, Ruth M.* 
Cowles, Mrs. Jean* 
Melby, Osear J.* 
Morris, Florence* 
Schuld, Elmer G.* 
Syftestad, Annae* 
Teasdale, Hazel 
Trump, Paul L.* 
Ullsvik, Biame* 
Marinette 
Rice, Mrs. Jennie A.* 
Thull, Margaret L.* 
Milwaukee 
Alverno Teach. Coll. 
Mirabella, Sister M.* 
Bay View High School 
Jameson, Vestal 
Lynch, Eva R. 
Sprunger, Paul E.* 
Boys Technical H. 8. 
Roecker, Wm. F. 
Girls Technica! H. S 
Davis, Nettie S. 
Viola, Lee 
Lincoln High Schoo! 
Potter, Theodore C. 
Speerschneider, Ethel 
Longfellow Jr. H. 8. 
Strehlow, Ida E. 
Lutheran High School 
Siehr, Hugo 
Madison Elem. 
Krueger, Harriet 
Manitoba Elem. 
Hinz, Mrs. Hedwig J. 
Marquette Univ. 
Vander Beke, Geo. F. 
Messmer High School 
Gabriel, Sister Mary* 
Milwaukee Univ. Schoo! 
Rintelmann, Emil H. J 
Strow, Harold 
Mount Mary College 
Vandreuil, Sister Mary* 
North Division H. S. 
Bergren, Loraine 
Budd, Ethel L. 
Conroy, Mrs. Lucind:* 
Kiche, Adela 
Peckham Jr. H.S 
Doyle, Catherine 
Horn, Matilda 
8. S. Peter & Paul 
Ernestine, Sister Mary 
Pulaski H. S 
Lielinski, Edward 
Mannix, Ellen 
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THE SIXTH SUMMER MEETING 


Wisconsin, Milwaukee (Cont.) 
Randall Elem. 
Thorpe, Florence 
Richards Elem. 
Sladsky, George 
Riverside H. 8S. 
Bixby, Florence A.* 
Coons, Grace Ogg* 
Creives, Frances* 
Henry, Mary E.* 
Howe, Theda F.* 
Leonard, Sylvia 
Roosevelt H. S. 
Hartwell, Edith* 
Rufus King H. S. 
Scheftner, Arthur 
St. Anthony 
Mechtilde, Sister M. 
St. Augustine 
Amadeus, Sister 
St. John Kanty 
Antonice, Sister M. 
Dunstan, Sister 
St. Mary’s Acad. 
Gertrude, Sister M.* 
Redempta, Sister M.* 
St. Thomas Aquinas 
Genevieve, Sister M.* 
Sherman Elem. 
Ulrich, Louis FE. 
Solomon Juneau H. 8. 
Rowe, A. Dwight 
Voelker, Herbert E. 
South Division H. 8. 
Boone, Bertus 
Stone, Estelle* 
Steuben Elem. 
Ostrum, Helen 
Story 
Korsten, Isabel 
U.S. Grant Elem 
Bifkler, Peter 
Univ. of Wis. Ext. 
Parkinson, Geo. A. 
Walker Jr. H. S. 
MeCann, Lucille 
Washington High School 
Brown, H. G. 
Candy, Walter C. 
Cook, Guy T. 
West Division H. 8. 
Aker, Howard 


Case, Lucie N.* 
Donnelly, Theo E.* 
Eldridge, Irene* 
Whitefish Bay H. 8. 
Rose, J. H. 
Others 
Cera, Sister M. 
De Pazzi, Sister M. 
Geil, Johanna* 
Gruenberger, Fred 
Jautz, Martin L. 
Lamb, Cornelia 
Preece, M. 
New Holstein 
Cunningham, Margaret 
Oshkosh 
Beenken, Mary M. 
Price, Irene* 
Smith, James H 
Platteville 
Caldwell, Vera 
Portage 
Ruach, Julia* 
tacine 
Baird, H. Grace* 
Barry, Mary* 
Becker, Estelle* 
Cot, Ruth* 
Cosgrove, Katherine* 
Enright, Frances* 
Frame, Helen 
Giese, William C. 
Howe, Ida F.* 
Hudson, Herma* 
Johnson, Gladys H.* 
Jones, Mrs. Florence* 
Kriske, Mary 
Mann, Mary L. 
Miller, M. Lois 
Neitzel, Anna L.* 
Oliver, Emma L. 
Potter, Mary A.* 
toot, Dorothy A.* 
Shufelt, Harlan 
Shufelt, Robert H. 
Shufelt, Velna 
Smith, Lucy* 
Reedsburg 
Heitkamp, Ida 
tiver Falls 
Fide, Margaret C * 
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St. Nazianz 

Groene, Norbert 
Shawano 

Mielke, Sarah* 
Shebovgan 

Dalke, Theodore* 
Shell Lake 

Skar, Isabel 
Shorewood 

Broedlow, Julia 

Joseph, Margaret 

Kenney, Frances 

Leonhardy, Adele 

Miller, Janet 

Turner, Leonard 
Shullsburg 

Deneen, E. A. 
Warsaw 

Roeske, Elmer 
Waukesha 

Hopkins, Fannie* 

Huff. Raymond* 

Lawler, Myrtle 

Tompitch, Eva 

Wolf, Estella 

Worthington, J. E. 
Waupaca 

Gurley, Mrs. E. W. 

Shoemaker, Laura 
Wauwatosa 

Knoell, Eldon* 

Striegl, Margaret A.* 

Svance, Haldis 
West Allis 

Bachhuber, Anna 

Bartle, Laura 

Dalmer, Herbert 
West Salem 

Richardson, Pearl 
Whitewater 

Cahiel, Winifred 

Erickson, Henrietta 
Wisconsin Rapids 

Petronia, Sister M. 

Talbot, Jessie 
Wittenberg 

Lakensgard, R. L.* 


CANAL ZONE 
MeNair, J. Stuart* 


* Denotes membership in the National Council of Teachers of Mathematics. 


Mem- 


Non- 


States bers M. Total 
Ariz. 0 1 1 
Calif. l x 6 
Colo. = 1 3 
Conn. 2 0 9 
Fla l 0 1 
Ga. 0 1 1 
Ind. 9 7 9 
lowa 7 9 16 
Kan. 0 9 9 
Ky. 2 1 3 


ATTENDANCE BY STATES 


Mem- 


‘ Non- 
States pei VM. 
Me. 1 1 
Mich. rf 9 
Minn. 5 8 
Mo. 4 3 
Neb. 0 2 
N. J. 1 l 
N. M. 0 1 
N. Y. 2 0 
N. D. 0 2 
Ohio : 8 
Okla. l 0 


Total 
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Me Mme Non- 
be rs M. 
S. D. 1 ( 
Tenn. 2 > 
Tex. | 
Utah 0 
Wash. 0 2 9 
Wis. 65 101 166 
Mil. 19 49 68 
Others 46 52 98 
Canal Zone 1 0 l 
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Total 137 201 338 
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® EDITORIALS © 





Support for the National Council 


Ir 1s becoming increasingly clear that 
many prominent teachers of mathematics 
in this country are either indifferent or 
careless insofar as support of the work of 
The National Council of Teachers of 
Mathematics is concerned. There is no 
way of telling whether they read THE 
MATHEMATICS TEACHER, the official jour- 
nal of the Council, but the mailing list 
of the magazine makes clear whether 
they are members of the Council and thus 
entitled to receive the journal eight times 
each year from October to May inclusive. 
Such apathy on the part of teachers is 
deplorable and may explain in part why 


mathematics has had such a hard time in 
recent years. If teachers of mathematics 
are not interested enough in the welfare 
of their subject to invest $2 (the member- 
ship fee) in the only organization devoted 
entirely to their interest how can they ex- 
pect support when they need it in their 
local situations. No organization has more 
strength than that indicated by its mem- 
bership. It is hoped that all of our present 
members will help to get their colleagues 
and friends in the field to become mem- 
bers. 


WwW. D. @. 


A New Interest in Mathematics 


THE NATION’s wide interest in the new 
defense program has brought mathematics 
into the foreground once more. Young men 
who are anxious to get into certain lines of 
defense work have discovered that with- 
out adequate training in secondary school 
mathematics their future in defense work 
is likely to be handicapped if not entirely 
thwarted. This fact has been known all 
along, but too many school men and 
women have been led away from the real 
value of mathematical education by the 
songs of the sirens who have been singing 


about the “Child Centered School,” “The 
Integrated Zoo,” and the like. Now is the 
time for mathematics teachers every- 
where to meet the challenge afforded by 
the defense program and show that not 
only in preparation for war, but in peace 
time as well the success of many indi- 
viduals in many lines of endeavor is 
dependent in a large way upon the train- 
ing in mathematics that the individual 
concerned has received. 


WwW. D. &. 


The Winter Meetings 


Two WINTER meetings of the Council 
have been planned by President Potter. 
The first is the annual Christmas meeting, 
to be held this year at the University of 
Louisiana in Baton Rouge, December 30 to 
January 1, inclusive. The second is to be 
held at Atlantic City on February 21 and 
22, 1941, at the Chelsea Hotel. The theme 
for the first meeting is “The Relationship 
between Enriched Mathematics Experi- 
ence and Enriched Community Expe- 


rience,” and that of the second meeting is 
“Mathematics in a Defense Program.” 
The second program will feature nation- 
ally-known speakers. There will be infor- 
mal discussions, and sections for elemen- 
tary, secondary, and private schools will 
be formed. Especial attention will be given 
to teacher training and visual aids. Mem- 
bers of the Council will assist greatly by 
telling their friends about these meetings. 
Ww. wD. BR. 
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@ IN OTHER PERIODICALS* @ 





By NATHAN LAZAR 
The Bronx High School of Science, New York City 
* Limitation of space, the accumulation of many items during recent months, and the desire 


not to fall too far behind the contemporary pedagogic literature render it necessary to omit, this 
month, the customary comments and criticisms.—-N. L. 


1. Addleston, Lorraine W., “The Junior High can Mathematical Journals,’ National 
School Teacher Buys a New Mathematics Mathematics Magazine, 14: 197-210, 261 
Test,” High Points, vol. 22, #4, pp. 50-55, 270, 317-328, 382-407, January, February, 
April, 1940. March, April, 1940. 

2. Barnett, I. A., “The Algebraic Identity 13. Georges, J. S., “Humanizing the Curriculum 
Its Place in a First Course in Algebra,” of the Natural Sciences and Mathematies,”’’ 
School Science and Mathematics, 40: 427 School Science and Mathematics, 40: 449 
433, May, 1940. 456, May, 1940. 

3. Betz, William, ‘A Brief Examination of the 14. German, Frank C., ‘“‘The Objectives of 
Two Outstanding Philosophies of Educa- Arithmetic,’’ Bulletin of the Kansas Associa- 
tion,” Bulletin of the Kansas Association of tion of Teachers of Mathematics, Vol. 14, 
Teachers of Mathematics, Vol. 14, Decem- February, 1940, pp. 9-12. 
ber, 1939, pp. 2-5. 15. Goodrich, Merton Taylor, ‘Teaching 

1. Bishop, H. H., “The Increasingly Impor- Mathematical Induction,’ School Science 
tant Place of Mathematics in the High and Mathematics, 40: 472-476, May, 1940. 
School Curriculum,” Bulletin of the Kansas 16. Greenwood, Jr., R. E., “On the Discovery 
Association of Teachers of Mathematics, of Certain Trigonometrie Identities,’ The 
Vol. 14, December, 1939, p. 16. American Mathematical Monthly, 47: 99 

5. Bradley, A. D., “Maps and Map Pro- 100, February, 1940. 
jections,’”’ The American Mathematical 17. Hannelly, R. J., ‘‘Mathematies in the 
Monthly, 46: 650-652, December, 1939. Junior College,” The American Mathe- 

6. Braverman, Benjamin, ‘‘The Mathematics matical Monthly, 46: 581-585, November, 
Bulletin at the High School of Commerce,” 1939, Part I. 

High Points, Vol. 22, No. 3, pp. 68-70, 18. Hedrick, E. R., ‘Functional Thinking,”’ 
March, 1940. School Science and Mathematics, 40: 354- 

7. Christofferson, H. C., “Relational Thinking 361, April, 1940. 
in Secondary School Mathematics,’”’ Bulle- 19. Heinzman, W. P., “‘Suggestions for Reduc- 
tin of the Kansas Association of Teachers of ing Mortality in Freshman Mathematics,” 
Mathematics, Vol. 14,’ February 1940, pp. National Mathematics Magazine, 14: 211- 
3-6. 213, January, 1940. 

8. Condit, Ann, ““A New Proof of the Pythago- 20. Hyde, Emma, ‘Mathematical Facts and 
rean Theorem,” School Science and Mathe- Habits Desirable for Students Entering 
matics, 40: 379-380, April, 1940. College,”’ Bulletin of the Kansas Association 

9% Davis, Avo, “Significant Changes in the of Teachers of Mathematics, Vol. 14, De- 
Mathematics Curriculum in Tulsa,’ Bulle- cember, 1939, pp. 12-15. 
tin of the Kansas Association of Teachers of | 21. Jackson, Nelson A., ““Why Teach Mathe- 
Mathematics, Vol. 14, April, 1940, pp. 9-11. matics?’”’ School Science and Mathematics, 

10. Emery, Delbert, “Teaching Algebra by 40: 338-3438, April, 1940. 

Contrast,’’ Bulletin of the Kansas Associa- 22. Kaplan, Morris, ‘“‘Monroe Surveyors Club,” 
tion of Teachers of Mathematics, Vol. 14, High Points, Vol. 22, No. 6, pp. 55-56, 
April, 1940, pp. 13-16. June, 1940. 

ll. Emery, Delbert, “My Profession Is Teach- 23. Laughlin, Butler, ‘‘The Teaching of Arith- 
ing—the Teaching of Mathematics—What metic,”’ School Science and Mathematics, 40: 
is Yours?” Bulletin of the Kansas Associa- 361-364, April, 1940. 
tion of Teachers of Mathematics, Vol. 14, 24. Mac Kay, David L., ‘The Pseudo-Isosceles 
December, 1939, pp. 11-12. Triangle,’ School Science and Mathematics, 
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2. Finkel, Benjamin F., “A History of Ameri- 40: 464-468, May, 1940. 
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McCann, Everett, ‘‘The Content of Mathe- 
matics for High School from the Business 
Man’s Viewpoint,” Bulletin of the Kansas 
Association of Teachers of Mathematics, Vol. 
14, February, 1940, pp. 12-15. 

Molina, Edward C., ‘‘Mathematics in the 
Telephone Industry,”’ School Science and 
Mathematics, 40: 403-410, May, 1940. 
“Present Day Trends 
in Mathematics,” Bulletin of the Kansas 
Association of Teachers of Mathematics, 
Vol. 14, December, 1939, pp. 5-9. 


. Olds, Edwin G., “Questions in Educating 


Mathematics Teachers for the Secondary 
School,’ National Mathematics Magazine, 
14: 271-277, February, 1940. 


9. O'Toole, A. L., ‘Remedial Reading in Col- 


” 


lege Mathematics,” National Mathematics 
Magazine, 14: 329-344, March, 1940. 
Posey, L. R., ‘A General Formula for Magic 
Squares of Various Orders Beginning with 
Numbers Different from Unity,’ School 
Science and Mathematics, 40: 315-319, April, 
1940. 


. Price, G. Bailey, “The Year 1939 in Mathe- 


matics,’ Bulletin of the Kansas Association 
of Teachers of Mathematics, Vol. 14, April, 
1940, pp. 3-5. 

Read, Cecil B., ‘Principal Values of Inverse 
Trigonometrie Functions,’ School Science 


39. 


40. 


and Mathematics, 40: 343-344, April, 1940. 
Reeve, W. D., ‘“Mathematies in and for 
the Modern Curriculum,” Bulletin of the 
Kansas Association of Teachers of Mathe- 
matics, Vol. 14, April, 1940, pp. 5-8. 


34. “Report of the Committee on Tests,” The 


American Mathematical Monthly, 47: 290 
301, May, 1940. 


5. “Report of the Committee to Review the 


Activities of the Mathematical Association 
of America,’ The American Mathematical 
Monthly, 47: 64-84, February, 1940. 


}. Stern, Erich, ‘General Formulas for the 


Number of Magic Squares Belonging to 
Certain Classes,” The American Mathe- 
matical Monthly, 46: 555-581, November, 
1939, Part I. 


. Struyk, Adrian, ‘‘Note on a Derivation of 


the Quadratic Formula,’’ School Science ani 
Mathematics, 40: 410, May, 1940. 


. Tullier, Peter, ‘Are There Any Questions?” 


National Mathematics Magazine, 14: 275, 
February, 1940. 

Ulmer, Gilbert, “Traditional or Progressive 
Mathematics?” Bulletin of the Kansas As- 
sociation of Teachers of Mathematics, Vol 
14, December, 1939, pp. 9-10. 

Weiss, Marie J., ‘Algebra for the Under- 
graduate,” The American Mathematical 
Monthly, 46: 635-642, December, 1939. 








GENERAL MATHEMATICS 


WORKBOOKS 
Books |, 2, and 3 for Grades 7, 8, and 9 


NEW 


me=HOZ—4an-90 % 


List price, 64 cents, subject to the usual school discounts 


THE ODYSSEY PRESS, INC. 


Formerly the Educational Department of Doubleday, Doran & Co. 


386 Fourth Avenue 


By Witu1aM Davin REEVE 


Teachers College, Columbia University 


IN CONTENT: These three workbooks follow the recommendations of the 
recently published Fifteenth Yearbook (1940), prepared by the Joint Com- 
mission of the Mathematical Association of America and the National Council 
of the Teachers of Mathematics. 
IN METHOD: Each step in the treatment of arithmetic, geometry, algebra, 
and elementary trigonometry grows logically out of the preceding one. The 
techniques used are the result of the author’s long experience as a high- 
school teacher, as a teacher of teachers, and as a writer of successful textbooks. 
IN TYPOGRAPHY: For workbooks in mathematics, this series sets a high 


standard for clarity, legibility, and attractiveness. 


New York, N.Y. 
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© NEWS NOTES + 





State Teachers College, Montclair, New Jer- 
sey, was host to the Joint Conference of Ele- 
mentary, Junior High, and Senior High School 
Teachers of Mathematics of the Association of 
Mathematics Teachers of New Jersey on March 
9. 

Approximately 700 people were present at 
the meeting. All sections of the state were repre- 
sented and there were teachers from other states 
as well. 

Although activities were scheduled to start 
at 9:00 a.m. some 100 to 200 teachers were on 
hand before that hour and spent the time in 
either informal group discussions or in viewing 
the exhibits of mathematical models, equipment 
and visual aids. Motion pictures relating to the 
teaching of mathematics were shown under the 
direction of Dr. E. H. 
22. This roogn proved to be entirely too small for 
the number of people desiring to view the films 


C. Hildebrandt in room 


and for this reason the pictures were shown in 
the College High School Auditorium in the aft- 
ernoon. 

Demonstration classes in the teaching of 
plane geometry were conducted on the 4th, 6th, 
Sth, and 10th grade levels. The demonstration 
classes were in charge of Miss Elizabeth Shaner, 
East Orange; Miss Rachel Peters, Teaneck; Mr. 
George N. Ramage, Linden; Professor Virgil S. 
Mallory, Montelair; and Mrs. Madeline Demp- 
sey Gardner, Glen Ridge. Dr. Foster E. 
nickle presided over the demonstration classes 
on the elementary level, Miss Mary C. Rogers 
on the Junior High School level, and Mr. Ferdi- 
nand Kertes, president of the Association, on 
the Senior High School level. 

On the 10th year level the two demonstra- 
tion classes had been formed. One of these, in 
charge of Dr. Mallory, was a class in formal 


Gross- 


demonstrative plane geometry, while a second 
class in charge of Mr. George N. Ramage was a 
class in informal plane geometry for non-college 
preparatory students. 

Facilities for luncheon accommodations were 
taxed to their limit. During the luncheon period 
from 12:00 m to 1:45 p.m., twenty-seven dis- 
cussion groups were formed at the luncheon ta- 
bles. A special topic in charge of a leader was as- 
signed to each table. The discussion centered 
around the general theme: What Can Our As- 
sociation Do To Render Greater Service To The 
Teachers Of Mathematics? Discussion leaders 
summarized the conclusions reached by each 


group and submitted reports on these conclu- 
sions to the Association. 

During the afternoon session Dr. Robert Lee 
Morton, Ohio University, Chairman of the 
Arithmetic Section of the National Council, 
gave an address in the College Gymnasium. His 
address centered chiefly about the three theories 
of teaching arithmetic: The Drill Theory, The 
Incidental Theory, and The Meaning Theory. 
He stressed the importance of Meaning Theory 
as the most fruitful one for the teaching of 
Mathematics. He pointed out however, that 
this did not disprove the need for drill or for in- 
cidental learning. 

Many teachers remained after Dr. Morton’s 
address to view the exhibits and the motion pic- 
tures. A motion picture not announced on the 
original program on the Detection of Counter- 
feit Money was included in the program. 

The meeting finally adjourned at 4:30 p.m. 
It was pronounced to be one of the largest and 
most successful ever held by the Association. 


The first meeting of a newly organized south- 
ern section of the Association of Mathematics 
Teachers of New Jersey was held at the Glass- 
boro State Teachers College on Tuesday, April 
16, with President Edgar F. Bunce of the 
Teachers College as host. 

The meeting was preceded by a dinner in the 
college cafeteria. The theme of the meeting was 
“Social Arithmetic.” The guest speaker was 
Professor Clifford B. Upton of the Teachers Col- 
lege, Columbia University. Professor Upton 
showed a scholarly grasp and a deep under- 
standing of the theme under discussion. He 
stressed particularly the necessity for teaching 
arithmetic for interrelations and meanings. He 
also pointed out the inadequacy of project 
methods of teaching as a means of insuring mas- 
tery of fundamental principles. A lively discus- 
sion consisting of questions from the floor and 
answers by Professor Upton followed. 

Mr. Ferdinand Kertes, President of the 
State Teachers Association, was next introduced 
by the chairman and warmly congratulated 
both the committee and those in attendance up- 
on their splendid work in the organization of the 
meeting. He assured them of hearty support 
from the State Teachers Association and ap- 
pealed for a strong and unified Association of 
Mathematics Teachers. 
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Brief discussions were then presented by 
Miss Kjersten Nielsen of the State Teachers 
College, Miss Druschell of Woodbury, Mrs. 
Whelan of Atlantic City representing Junior 
High School teachers from the southern section. 
A paper by Mr. Harry J. Balls outlining the cur- 
riculum in Social Arithmetic at the Camden 
High School was read. 

A strong appeal was made by Miss Elizabeth 
Brown, Supervisor of Nurses Training School, 
West Jersey Hospital for speed and accuracy in 
the fundamental processes of arithmetic. She 
pointed out the vital need for accuracy as part 
of a nurse’s equipment. 

Miss Marion Lukens of the Camden High 
School, a member of the Council of the Associa- 
tion of Mathematics Teachers of New Jersey 
presided over the meeting. Miss Lukens was 
chairman of the committee responsible for the 
organization of a southern section and the work 
connected with this meeting. Other members of 
her committee were Miss Kjersten Nielsen, 
Teachers College, Glassboro, and Mr. Chester 
Olinger, Junior High School, Collingswood. 


The Louisiana-Mississippi Branch of the 
National Council of Teachers of Mathematics 
and the Louisiana-Mississippi Section of the 
Mathematical Association of America met 
jointly on March 8 and 9, at the University of 
Mississippi, Oxford, Mississippi. The program 
was as follows: 

Joint preliminary meeting, 2:00 p.m., March 
8. Address of welcome by Dean V. A. Coulter, 
University of Mississippi. 

Louisiana-Mississippi Section of the Mathe- 
matical Association of America, 2:30 p.m., 
March 8, V. B. Temple, Louisiana College, 
Chairman; W. V. Parker, Louisiana State Uni- 
versity, Secretary. 

The following papers were given: ‘‘Analytic 
Geometry of the Triangle,” F. C. Gentry, Loui- 
siana Polytechnic Institute; ‘““A Relation Be- 
tween Successive Values of a Certain Numerical 
Function,’ C. F. Cramer, Tulane University; 
“The Equality of two Measure Functions,” H. 
T. Fledderman, Loyola University; ‘Some 
Higher Plane Curves,”’ V. B. Temple, Louisiana 
College; ‘“‘Algebraic Analogues,”’ H. 8. Kalten- 
born, Louisiana Polytechnic Institute; ‘‘A Pe- 
culiar Transformation,” F. A. Rickey, Louisi- 
ana State University; “Some Applications of 
Mathematics,” J. F. Thompson, Tulane Uni- 
versity. 

Joint banquet, 7:30 p.m., March 8, V. B. 
Temple, Toastmaster. Welcome by Chancellor 
Emeritus Alfred Humes, University of Missis- 
sippi. Response to the welcome by H. T. Fled- 
derman of Loyola University and H. T. Karnes 


of Louisiana State University. Address, ‘‘Think- 
ing Versus Manipulation in Mathematiecs,”’ W. 
B. Carver, Cornell University. 

Meeting of the Louisiana- Mississippi Branch 
of the National Council of Teachers of Mathe- 
matics, 8:00 a.m., March 9. Ed Stone, Univer- 
sity of Mississippi Demonstration School, Vice- 
Chairman, presiding in the absence of Mrs. 
Chester Curry, Chairman. The following papers 
were given: “The Hidden Pythagoras,’’ Mrs. 
Lars Christensen, Louisiana State University; 
“Introducing Mathematical History to High 
School Students,’’ Miss Grace Foster, Webb- 
Swan Lake School; “Practical Values of Alge- 
bra,’”’ Miss Lucile Moffatt, Byhalia High School, 
“Dissection,” Robert C. Yates, Louisiana State 
University; ‘Devices for Drill in Algebra 
Rather than Workbooks,’’ Mrs. Eli Northeross, 
Tupelo High School; ‘‘My Biggest Problems in 
Algebra and How I Solved them,” Delton Will- 
iamson, Copiah-Lincoln Junior College; ‘*My 
Biggest Problems in Geometry and How | 
Solved Them,” Miss Elizabeth Stephens, Steph- 
en D. Lee High School; ‘Guidance in Applied 
Mathematies,”’ Louis Korn, Hines Vocational 
School; ‘‘Mathematics in the New*Curriculum 
in Mississippi,” Miss Velma Crout, Canton 
High School; “Notes on Teaching,’’ Alfred 
Hume, University of Mississippi. 

Meeting of the Louisiana-Mississippi Sec- 
tion of the Mathematical Association of Amer- 
ica, 9:30 a.m., March 9. The following papers 
were given: “‘Thermal Stresses in a Long Cylin- 
drical Body of M Concentric Materials,’’ B. E 
Gatewood, Louisiana Polytechnic Institute 
“The Story of the Parallelogram,’”’ Robert C 
Yates, Louisiana State University; ‘‘The An- 
nual Meeting of the Mathematical Organiza- 
tions at Louisiana State University in 1940,’ S 
T. Sanders, Louisiana State University; ‘The 
Polygonal Regions into which a Plane is Divided 
by n Straight Lines,” W. B. Carver, Cornell 
University. 

A general discussion, business meeting, and 
election of officers closed the session. 

W. H. Braprorp, Secretary, 
National Council of Louisiana- Mississippi 


The spring meeting of the Mathematics Sec- 
tion of the Eastern Division of the Colorado 
Education Association took place in Denver, on 
April 6. It began with a discussion luncheon 
with a leader at each table on the topic, ‘The 
Purpose of the Workshops and the Inspiration 
and Help Received Through Attending One.” 

The afternoon meeting was devoted to junior 
high school work, the theme being: “‘What Ma- 
terial is Being Taught in Seventh and Eighth 
Grade Mathematics and What Methods Are 
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Being Used?” Leaders were: Lon Edwards, Al- 
vin Sansburn, and Wendell Wolf. 


The Colorado School Journal for April, 1940, 
carried an interesting article by Dr. A. E. Mal- 
lory of the Colorado State College of Education. 
The title of the article is ‘‘Mathematics Tomor- 
row.” A few excerpts follow: 

“The whole structure of mathematics and 
life situations must be interwoven. We cannot 
develop in a child the ability to think mathe- 
matically in a year or in two years, neither can 
we teach him to think mathematically by the 
use on one so-called subject. The structure 
should be unified, the work continuous and the 
time devoted to it adequate. The accomplish- 
ment and realization of these requisites hint at a 
program of school mathematics continuous and 
united from the seventh grade through the 
twelfth.” 

“Our immediate tasks as teachers of mathe- 
matics is further effort at integration, integra- 
tion being of two kinds: first, an integration 
among the mathematical fields themselves; the 
second an integration of mathematics with other 
fields of learning.” 


Miss Mary Potter, President of the National 
Council of Teachers of Mathematics, has re- 
cently appointed Dr. E. H. C. Hildebrandt as 
Chairman of the National Committee on Visual 
Aids in the place of Professor Breslich of the 
University of Chicago. Dr. Breslich consented to 
remain a member of the Committee under Dr. 
Hildebrandt’s chairmanship. 

Dr. Hildebrandt is Assistant Professor of 
Mathematics at the Montclair State Teachers 
College. At the March 9 meeting of the Associa- 
tion of Mathematics Teachers of New Jersey, he 
had arranged a varied and comprehensive pro- 
gram of motion pictures related to the teaching 
of mathematics which was one of the outstand- 
ing features of the meeting. 


The Spring Meeting of the Connecticut Val- 
ley Section of the Association of Teachers of 
Mathematics in New England was held April 13 
at Smith College, in Northampton, Mass. 

Some of the principal addresses were: ‘“Liv- 
ing Standards in Secondary Mathematics,”’ 
William G. Shute, of the Choate School; ‘“Test- 
ing a Statistical Hypothesis,’’ Kenneth G. Full- 
er, of the Teachers College of Connecticut; “The 
Teaching of Logarithms,” Rolland R. Smith, of 
the Classical High School, Springfield, Mass. 


The annual report of the Minneapolis Math- 


ematices Club offers a picture of a successful club 
with a good sized membership (eighty members 
who have paid dues), faithful attendance (an 
average attendance at meetings of fifty-four), 
and a good program which follows. 

At the board meeting in September the gen- 
eral theme of the year’s programs was decided to 
be “Mathematics Needed in Business.’’ This 
was carried out through most of the meetings. 

1. Oct. 19. Supt. Carroll R. Reed addressed 
the club on ‘Democracy in Education.” 

2. Nov. 2, 3. Minnesota Educational Asso- 
ciation. 

3. Dee. 5. Mr. Kazelka, Associate Professor 
of Business Administration of the University of 
Minnesota addressed the club on ‘Training for 
Business on the College Level.’?’ Mr. Kamprath 
of Minnesota School of Business led the discus- 
sion which followed. 

4. Jan. 15. Mr. Belm of the U. S. Dept. of 
Labor, guest speaker of the club, reported his 
findings on ‘Job Analysis and Skills Needed in 
the Various Industries in his Surveys.” 

5. March 12. 


grades 


Round table discussions for 
seventh to twelfth inclusive. Themes 
for discussion were ‘Present Curriculum in 
Practice’ and “Present Trends in the Field of 
Mathematics.” 

6. Apr. 16. Mr. W. W. Staudenmier, Princi- 
pal of the Tuttle demonstration school, will 
speak on ‘Some of the Things Which Are Being 
Done and Some of the Studies Being Made in 
the Arithmetic Field Today.” 

Ipa H. THompson, Secretary 


The northern section of the Association of 
Mathematics Teachers of New Jersey held a 
dinner meeting at the Newark Athletic Club on 
Saturday, April 20 at 6:45 p.m. Mr. Roscoe P. 
Conkling, chairman of northern section was the 
presiding officer. The meeting was conducted on 
a highly professional level. 

The guest speaker of the evening was Mr. 
Carl N. Shuster of the Trenton State Teachers 
College. He addressed the gathering on ‘‘Ap- 
proximate Computation.” 
speaker reduced approximate computation to a 
relatively few and simple rules. He advocated 
that instruction on approximate computation be 
started in the Junior High School and be spread 
over a period of two to three years. A lively dis- 
cussion followed the speaker’s address. 

Ferdinand Kertes, president of the Associa- 
tion of Mathematics Teachers of New Jersey 
spoke briefly to the gathering. He explained 
briefly the proposed reorganization of the Asso- 
ciation and extended an invitation to all present 
to attend the general meeting of the Association 
at the Secondary School Conference on May 4. 


In his address, the 
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Association. 


T HE point of view of this considera- 
tion of the aims, content, and methods 
of mathematics instruction is that of the 
newer concepts of educational objectives. 
The first part of the book outlines the un- 
derlying philosophy which has guided the 
Committee and discusses the relation of 
mathematics to the purposes of general edu- 
cation. Part II considers the major under- 
standings growing out of mathematical ex- 


perience. Part III surveys the evolution of 
mathematics and examines the nature of 
mathematics. Part IV is devoted to under- 
standing the student and evaluating his 
growth. The book represents the combined 
thinking of progressive educators and 
mathematicians, and is the most compre- 
hensive and consistent effort to unify their 
differing points of view that has yet been 
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ELEMENTARY ALGEBRA 


A textbook for ninth year students which makes mathematics 
easy to understand and easy to use. 


By FREILICH, SHANHOLT, GEORGES 
@ Simple, clear, direct language 


®@ Presentation of each topic in such a way that the student, by ex- 
tending his knowledge of arithmetic, learns algebra 


@ Experimental method of learning 


@ An entire chapter devoted to the development of problem solving 
skills and techniques 


® Constant use of mathematics in real-life situations well within 
the students own experience and capacity 
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